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DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION,  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


TO.  WESYV  29  April  1977 

SUBJECT:  Transmittal  of  Technical  Report  D-77-1 

TO:  All  Report  Recipients 


1.  The  technical  report  transmitted  herewith  represents  the  results  of 
one  of  the  research  efforts  (work  units)  initiated  to  date  as  part  of 
Task  2C  (Containment  Area  Operations)  of  the  Corps  of  Engineers  Dredged 
Material  Research  Program  (DMRP) . Task  2C  is  included  as  part  of  the 
Disposal  Operations  Project  (DOP)  of  the  DMRP,  which  among  other  con- 
siderations Includes  research  into  various  ways  of  improving  the  ef- 
ficiency and  acceptability  of  facilities  for  confining  dredged  material 
on  land. 

2.  Confining  dredged  material  on  land  is  a relatively  recent  disposal 
alternative  to  which  practically  no  specific  design  or  construction 
improvement  investigations,  much  less  applied  research,  have  been 
addressed.  Being  a form  of  waste  product  disposal,  dredged  material 
placement  on  land  has  seldom  been  evaluate*'  ou  other  than  purely  eco- 
nomic grounds  with  an  emphasis  nearly  always  on  lowest  possible  cost. 

There  has  been  a dramatic  increase  in  the  last  several  years  in  the 
amount  of  land  disposal  necessitated  by  confining  dredged  material; 
hence  increased  attention  is  being  directed  toward  improving  the  de- 
sign, construction,  and  management  of  these  containment  areas. 

3.  DMRP  work  units  have  investigated  or  are  currently  investigating 
improved  facility  design,  construction,  and  management  for  increasing 
facility  storage  capacities  with  both  economic  and  environmental  pro- 
tection benefits.  Work  in  and  around  containment  areas  usually  requires 
special  equipment  because  of  the  soft  dredged  material  and  foundation 
conditions  usually  associated  with  such  areas.  Consequently  the  total 
picture  would  be  incomplete  without  an  assessment  of  vehicles  or  equip- 
ment that  can  perform  productive  work  in  containment  areas.  To  this 
end,  the  investigation  reported  herein  was  accomplished  by  the  U.  S.  Army 
Engineer  Waterways  Experiment  Station's  Mobility  and  Environmental  Systems 
Laboratory.  This  is  the  first  of  three  studies  that  will  provide  guidance 
for  the  selection  of  equipment  for  use  in  and  around  containment  areas. 
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SUBJECT:  Transmittal  of  Technical  Report  D-77-1 


29  April  1977 


A.  Sixty  vehicles  were  evaluated  analytically  to  determine  their  capabilities 
for  operating  in  and  around  confined  dredged  material  disposal  areas.  The 
results  discuss  the  state-of-the-art  vehicles  that  are  commercially  availa- 
ble or  have  undergone  recent  military  testing  and  that  can  operate  in  soft 
soils.  The  vehicles  are  divided  into  six  payload  classes  that  Indirectly 
reflect  the  size  of  the  job  that  the  vehicles  or  equipment  may  be  expected 
to  perform.  Vehicle  performance  is  expressed  in  terms  of  "go,"  "no  go," 
and  traction  capability  on  five  selected  soil  strengths  to  cover  the  range 
of  soil  strengths  measured  in  several  dredged  material  disposal  areas. 
Pertinent  data  are  presented  in  catalog  form  for  each  of  the  vehicles.  Data 
presented  include  photographs  or  drawings,  manufacturer,  general  vehicle 
data  under  which  performance  data  can  be  found,  mechanical  data  that  include 
dimensions  or  descriptioV  of  major  components  of  the  vehicle,  and  miscella- 
neous data  under  which  such  information  as  cost  (1974)  and  primary  uses  are 
found.  The  limitations  of  the  method  used  to  compute  vehicle  performance 
are  also  discussed. 

5.  Caution  should  be  exercised  in  selecting  vehicles  for  use  in  borderline 
situations.  The  performance  of  the  vehicles  was  determined  analytically  and 
the  vehicles  have  not  been  field  evaluated  in  dredged  material  containment 
areas.  A second  phase  of  the  vehicle  performance  study  (now  underway)  is 
evaluating  the  performance  of  various  vehicles  and  identifying  in  more  de- 
tail the  operational  environment  and  functions  under  which  they  must  perform. 

A third  report  in  this  series  will  provide  detailed  guidance  on  the  selection 
of  equipment  to  be  used  in  and  around  confined  disposal  areas. 


Colonel,  Corps  of  Engineers 
Commander  and  Director 
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PREFACE 


The  study  reported  herein  was  performed  by  personnel  of  the  Mobil- 
ity Systems  Division  (MSD),  Mobility  and  Environmental  Systems  Labora- 
tory (MESL)^  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  for 
the  Office  of  Dredged  Material  Research  (ODMR),*  WES,  as  part  of  the 
overall  Dredged  Material  Research  Program  sponsored  by  Office,  Chief  of 
Engineers,  under  Task  2C,  "Containment  Area  Operations,"  of  the  Disposal 
Operations  Project  (DOP). 

The  study  was  performed  during  January- June  197^  under  the  direct 
supervision  of  Mr.  Edgar  S.  Rush,  Chief,  Mobility  Investigations  Branch 
(MIB),  MSD,  and  under  the  general  supervision  of  Messrs.  Adam  A.  Rula, 
Chief,  MSD,  and  Woodland  G.  Shockley,  Chief,  MESL.  The  study  plan  was 
developed  and  executed  by  Mr.  Charles  E.  Green,  MIB,  in  cooperation  with 
supervisory  personnel  of  MSD.  Messrs.  Green  and  Rula  prepared  the 
report . 

The  study  was  conducted  under  the  direction  of  Dr.  John  Harrison, 
Chief,  EEL;  Mr.  Charles  C.  Calhoun,  Jr.,  Manager,  DOP;  and  Mr.  Newton  C. 
Baker,  Manager,  Task  2C.  The  study  was  monitored  by  Mr.  Dale  A.  Goss, 
EEL. 

Directors  of  W^  during  the  study  and  preparation  and  publication 
of  the  report  were  COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE.  Tech- 
nical Director  was  Mr.  F.  R.  Brown. 


* ODMR  became  part  of  the  Environmental  Effects  Laboratory  (EFL)  in 
July  197^4. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Sl) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this 

report  can  be  con- 

verted  to  metric  (Sl)  units 

as  follows : 

Mult iply 

By 

To  Obtain 

inches 

2.5U 

centimetres 

feet 

O.30U8 

metres 

miles  (U.  S.  statute) 

1.6093 

kilometres 

square  inches 

6.1*516 

square  centimetres 

cubic  feet 

0.0283 

cubic  metres 

cubic  yards 

0.761*6 

cubic  metres 

pounds  (mass) 

0.1*5359 

kilograms 

tons  (2000  lb) 

O.9OTI8 

metric  tons 

pounds  (force) 

1*.  1*1*8222 

newtons 

kips 

1*1*1*8.222 

newtons 

pounds  per  square  inch 

6.891*8 

kilopascals 

pounds  per  cubic  foot 

0.2T11* 

meganewtons  per 
cubic  metre 

miles  per  hour 
(U.  S.  statute) 

1.60931*1* 

kilometres  per 
hour 

horsepower 

9809.50 

watts 

degrees 

0.0171*5329 

radians 

LOW-GROUND-PRESSURE  CONSTRUCTION  EQUIPMENT  FOR  USE  IN 


DREDGED  MATERIAL  CONTAINMENT  AREA  OPERATION  AND 
MAINTENANCE  - EQUIPMENT  INVENTORY 


PART  I:  INTRODUCTION 

Background 

1.  The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  is 
conducting  a comprehensive,  nationwide  research  program  on  the  disposal 
of  dredged  material  for  the  Office,  Chief  of  Engineers.  The  objectives 
of  the  Dredged  Material  Research  Program  (DMRP)  are  to  provide  defini- 
tive information  on  the  environmental  effects  of  dredging  and  dredged 
material  disposal  operations  in  all  environmental  situations  and  to 
develop  technically  satisfactory,  environmentally  compatible,  and 
economically  feasible  dredging  and  disposal  alternatives,  including  con- 
sideration of  dredged  material  as  a manageable  resource. 

2.  In  recent  years,  the  Corps  of  Engineers  has  dredged  or  con- 
tracted for  the  dredging  of  an  annurl  average  of  380,000,000  cu  yd*  of 
sediment  from  the  Nation’s  waterways  and  harbors.  In  over  200  active 
dredging  projects,  confined  disposal  facilities  built  on  land,  in 
marshes,  or  in  shallow  water  are  relied  upon  in  whole  or  in  part  for 
the  disposal  of  dredged  material.  The  total  annual  quantity  of  dredged 
material  being  placed  in  confined  disposal  areas  solely  from  maintenance 
dredging  activities  is  about  67,000,000  cu  yd. 

3.  The  primary  function  of  a dredged  material  containment  facility 
is  to  retain  the  solids  from  the  dredged  inflow.  The  constituents  and 
consistency  of  the  dredged  material  may  vary  widely,  depending  on  the 
source  materials  and  dredging  techniques  or  equipment  employed.  The 
materials  most  commonly  dredged  for  maintaining  navigable  waterways  and 
harbors  are  fine-grained  soils  (clay  and  silt)  and  coarse-grained  soils 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Sl)  units  is  presented  on  page  1*. 
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(sarid);  in  industrial  areas,  the  dredged  material  may  also  contain 
various  amounts  of  industrial  vaste. 

Generally,  containment  areas  are  in  low-lying,  wet  environments 
that  have  a poor  potential  for  industrial  development.  Such  environments 
provide  challenging  problems  that  require  unique  engineering  solutions  in 
the  design  and  construction  of  containment  areas.  Also,  the  high  water 
content  of  fine-grained  material  pumped  into  the  containment  areas  makes 
operating  and  maintaining  the  areas  very  difficult.  The  investigation  of 
the  use  of  low-ground-pressure  construction  equipment  for  dredged 
material  containment  area  operation  and  maintenance  is  one  phase  of  the 
DMRP. 


Purpose 

5.  The  overall  purpose  of  this  study  was  to  determine  whether 
low-ground-pressiu:e  vehicles,  commercial  and/or  military,  have  the 
potential  for  improving  current  methods  of  operation  and  maintenance  of 
confined  dredged  material  containment  areas  and  their  associated 
facilities. 

6.  The  specific  purposes  were  to  inventory  available  low-ground- 
pressure  vehicles;  prepare  a catalog  of  selected  vehicles  that  have  the 
potential  for  performing  useful  tasks  in  dredged  material  containment 
areas,  together  with  relevant  vehicle  data;  and  assess,  using  techniques 
previously  developed  by  the  Mobility  and  Environmental  Systems  Labora- 
tory, the  capabilities  of  the  selected  vehicles. 

Scope 

7.  A limited  field  data-collection  program  (Part  II)  was  con- 
ducted to  determine  the  magnitude  of  the  stress  level  that  the  environ- 
ment of  dredged  material  containment  areas  may  produce  on  ground-crawling 
equipment  operating  in  these  areas.  Five  dredged  material  containment 
areas  were  sampled  and  the  soil  characteristics  described  by  the 
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cone  index/rating  cone  index  (CI/RCI*)  system,  which  has  been  used  for 
many  years  in  soil  trafficability  work  for  military  purposes.  A litera- 
ture search,  personal  contact  with  vehicle  manufacturers,  and  expected 
operational  environments  established  the  limits  of  the  vehicle  inventory. 
A vehicle  catalog  was  compiled  that  included  commercially  available 
vehicles  and  some  standard  and  experimental  military  vehicles  that  have 
the  potential  for  operating  in  dredged  material  environments.  It  does 
not  include  major  equipment  modifications  or  prototype  equipment  develop- 
ment. Each  vehicle  was  described  by  a photograph,  a listing  of  vehicle 
data,  its  cost  (197^)»  availability,  and  potential  uses.  Vehicle  per- 
formance was  assessed  (Part  III)  on  the  basis  of  a vehicle's  ability  to 
complete  a prescribed  number  of  passes  in  straight-line  travel  and  to 
develop  excess  traction  (drawbar  pull)  for  arbitrarily  selected  soil 
strengths  covering  the  lower  range  of  soil  strengths  (CI  <30 ) measured 
in  the  dredged  material  containment  areas.  The  pertinent  vehicle  and 
soil  characteristics  were  used  to  assess  the  soft-soil  performance  capa- 
bilities of  each  vehicle  by  using  elements  of  the  U.  S.  Army  Materiel 

1 2 

Command  ground  mobility  analytical  model,  called  AMC-Tl.  ’ 

8.  A description  of  AMC-71  and  the  methods  used  for  computing 
soft-soil  vehicle  performance  are  presented  in  some  detail,  along  with 
appropriate  examples,  in  Appendix  A.  Appendix  B discusses  the  effects 
of  vehicle  buoyancy  in  soft  soil  on  the  determination  of  the  minimum 
soil  strength  required  for  travel.  (Appendixes  A and  B were  reproduced 
in  microfiche  and  are  enclosed  in  the  back  cover  of  this  report.)  The 
vehicle  catalog  is  presented  in  Appendix  C.  • 

Definitions 


9.  Certain  definitions  used  in  this  report  are  defined  below. 

a.  Critical  layer.  The  layer  of  soil  that  is  most  pertinent 
to  establishing  relations  between  soil  strength  and 
vehicle  performance.  For  a 50-pass  performance  in  fine- 
grained soil  and  remoldable  sand,  it  is  usually  the  6-  to 
12-in.  layer;  however,  it  varies  with  weight  and  type  of 


* For  convenience,  symbols  and  unusual  abbreviations  are  listed  and 
defined  in  the  Notation  (Appendix  D). 
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vehicle  and  with  soil  strength  profile.  For  1-pass  per- 
formance, it  is  usually  closer  to  the  surface. 

b.  Fine-grained  soil.  A soil  of  which  more  than  50  percent 
of  the  grains  by  weight  will  pass  a No.  200  sieve  (smaller 
than  O.TU  mm  in  diameter). 

c_.  Coarse-grained  soil.  A soil  of  which  more  than  50  percent 
of  the  grains  by  weight  will  be  retained  on  a No.  200 
sieve. 

d.  Sand.  A coarse-grained  soil  with  the  greater  percentage 
of  the  coarse  portion  (larger  than  0.7^  mm)  passing  the 
No.  sieve  {h.'jS  mm). 

Remoldable  sand.  A sand  that  contains  some  fines  and  is 
slow-draining  when  wet.  Such  sand  behaves  similarly  to 
wet,  fine-grained  soil  \mder  vehicular  traffic. 

f^.  Cone  index  (Cl).  An  index  of  the  shearing  resistance  of 
a medium  as  measured  at  any  depth  by  a cone  penetrometer. 
The  resistance  of  the  medium  to  penetration  by  a 30-deg 
cone  with  a 0.5-sq-in.  circular  base  is  expressed  in 
pounds  of  force  on  the  handle  per  square  inch  of  the  base 
area.  In  the  basic  WES-VCI  system,  the  Cl  is  considered 
as  an  index  only  and  no  direct  meaning  is  assigned  to  its 
dimensions. 

Remolding  index  (Rl).  A ratio  that  expresses  the  pro- 
portion of  original  strength  of  a medium  that  will  remain 
under  a moving  vehicle.  The  ratio  is  determined  from  Cl 
measurements  made  before  and  after  remolding  a 6-in. -long 
sample  with  special  apparatus. 

h.  Rating  cone  index  (RCl).  The  product  of  the  meas\ired  Cl 
and  the  RI  of  the  same  layer. 

Mobility  index  (Ml).  A dimensionless  number  that  results 
from  a consideration  of  certain  vehicle  characteristics. 

j_.  Vehicle  cone  index  (VCI).  The  minimum  soil  strength  in 
the  critical  soil  layer  in  terms  of  RCI  for  fine-grained 
soils  and  Cl  for  coarse-grained  soils  required  for  a 
specified  nvimber  of  passes  of  a vehicle,  usually  1 pass  or 
50  passes. 

k.  VCI50-  Experimentally  determined  minimum  RCI  of  the 
critical  layer  required  for  a vehicle  to  complete  50 
passes  in  a fine-grained  soil.  VCI50  can  also  be  computed 
for  a given  vehicle  by  first  calculating  an  MI  from 
selected  vehicle  characteristics  and  then  converting  the 
MI  to  VCI50  by  means  of  a ctirve  or  table. 

veil.  Experimentally  determined  minimum  Cl  or  RCI  of  the 
critical  layer  required  for  a vehicle  to  complete  one 
pass,  veil  can  also  be  computed  for  a given  vehicle  by 
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first  calculating  an  MI  from  selected  vehicle  character- 
istics and  then  converting  the  MI  to  VCI^  by  means  of  a 
curve  or  table.  The  1-pass  critical  layer  for  most  vehicles 
is  usually  the  0-  to  6-in.  layer. 


9 


PART  II:  COLLECTION  OF  DATA  FROM  REPRESENTATIVE 

DREDGED  MATERIAL  CONTAINMENT  AREAS 


10.  Pertinent  data,  as  discussed  below,  were  collected  at  five 
dredged  material  containment  areas  that  had  a high  probability  of 
offering  a range  in  operational  difficulty  (see  paragraph  7).  The 
areas  were  selected  by  personnel  of  the  Environmental  Effects  Labora- 
tory, WES,  as  being  representative  of  Corps  of  Engineers  dredged  mate- 
rial containment  areas  presenting  significant  problems  for  vehicular 
traffic.  Criteria  for  selection  were  primarily  type  and  consistency  of 
dredged  material.  The  five  areas  are  in  three  Corps  of  Engineers 
Districts — three  in  the  Mobile  District  and  one  each  in  the  Savannah 
and  the  Norfolk  Districts. 

Data  Collected  and  Procedures  Used 


11.  Sufficient  data  were  collected  to  describe  the  areas  for 
mobility  purposes.  The  surface  condition  was  described  in  terms  of 
the  presence  or  absence  of  surface  water  and  vegetation  cover.  Photo- 
graphs were  taken  to  show  the  surface  conditions  at  the  time  of  the  data 
collection. 

12.  Schematic  maps  of  the  areas  were  prepared  delineating 
boundaries  of  surface  water  and  soil  class  (fine-  or  coarse-grained 
soil).  Air  photo  and  field  reconnaissance  techniques  were  used  in 
establishing  map  unit  boundaries  and  locating  sites  for  sampling. 

13.  Each  site  was  delineated  on  the  basis  of  soil  class  and  the 
soil  strength  range  that  might  be  encountered  in  the  area.  Ten  sets 
of  cone  penetrometer  readings  were  made  in  the  vicinity  of  each  site. 
Each  sen  of  readings  consisted  of  cone  index  measurements  made  at  the 
surface  (in  the  case  of  surface  free  water,  surface  readings  were  made 
at  the  soil  surface),  at  1-in.  vertical  increments  to  a depth  of  6 in., 
then  at  3-in.  vertical  Increments  to  a depth  of  l8  in. , and  finally  at 
6-in.  vertical  increments  to  a depth  of  36  in.  Representative  bulk 
samples  were  taken  from  the  0-  to  12-in.  depth  at  each  site  for 
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laboratory  determination  of  soil  type  according  to  the  Unified  Soil 
Classification  System  (USCS). 

lU.  In  the  field,  it  was  discovered  that  the  strength  profiles 
of  dredged  material  were  highly  variable  because  of  type  of  material, 
surface  cover,  and  surface  water  and  groundwater  conditions.  Because 
of  the  variation  in  soil  strength  profiles  and  the  abundance  of  surface 
water  or  groundwater  available  for  potential  mixing  with  the  soil  by  the 
running  gear  of  the  vehicle,  assumptions  3.^.1  and  3. a. 2 (paragraph  3, 
Appendix  A)  are  invalid.  Therefore,  Cl  (instead  of  RCI)  is  used  in  this 
study  to  describe  soil  strength  regardless  of  class  of  soil  material. 

Description  of  Areas 

15.  The  dredged  material  containment  areas  are  described  and  soil 
conditions  are  discussed  in  the  following  paragraphs.  The  soil  data  are 
listed  in  Table  1. 

Mobile  District 

16.  The  three  dredged  material  containment  areas  that  were  visited 
in  the  Mobile  District  are  identified  as  Blakeley  Island,  Pinto  Island, 
and  McDuffie  Island  areas.  Their  general  location  is  shown  on  the  map 
in  Figure  1. 

IT.  Blakeley  Island  area.  This  area  is  approximately  2 miles 
northeast  of  Mobile  on  the  east  side  of  the  Mobile  River  and  north  of 
the  Cochrane  Bridge.  Six  sites  were  selected  for  sampling  in  this  area. 
Their  locations  and  surface  water  and  soil  class  boiindaries  are  given  in 
Figure  2.  At  the  time  of  the  visit  (May  197^),  the  containment  area  was 
bare  of  vegetation,  and  approximately  Uo  percent  was  covered  with  sur- 
face water.  General  views  of  the  area  are  given  in  Figure  3* 

l8.  About  15  percent  of  the  area  (southwest  section)  was  identi- 
fied as  coarse-grained  soil  composed  of  a poorly  graded  sand  (SP),  and 
the  remainder  as  fine-grained  soil  composed  of  fat  clay  (CH)  and  silty 
clay  (MH).  The  Cl  measurements  for  the  two  SP  sites  (l  and  k)  gave  two 
widely  different  averages  (see  Table  l).  Site  U was  representative  of 
a wet  SP  material,  but  the  Cl  of  site  1 was  extremely  low.  At  the  time 
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Figure  1.  Vicinity  map  of  the  dredged  material  containment 
areas  near  Mobile,  Alabama 
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of  sampling,  site  1 was  apparently  in  a near-quick  condition,  because 
air  and  water  percolated  to  the  surface  after  the  penetrometer  was  re- 
moved from  the  soil.  The  average  Cl  of  the  fine-grained  soils  in  the 
0-  to  6-in.  layer  ranged  from  8 to  2k,  while  the  Cl  for  the  6-  to  12-in. 
layer  decreased,  ranging  from  2 to  l8.  The  strongest  site  (site  5)  was 
on  a shallow  ridge,  and  the  material  was  drier  than  at  the  other  sites. 

19.  Cl  profiles  for  the  Blakeley  Island  area  are  given  in  Fig- 
ure The  Cl  for  site  i*  increased  fairly  rapidly  with  depth.  The  CT 
for  site  1 remained  relatively  the  same  as  depth  increased.  The  profiles 
for  sites  2,  3,  and  6 are  similar  except  that  small  differences  in  the 
surface  layer  (O-  to  6-in.  depth)  indicate  slight  differences  in  moisture 
conditions.  The  profile  for  site  5 indicates  that  the  material  had 
undergone  some  consolidation;  also,  the  soil  in  the  upper  3 in.  was  much 
drier  than  at  the  other  sites  as  indicated  by  the  higher  average  Cl. 

20.  Pinto  Island  area.  This  area  is  approximately  1 mile  east  of 
Mobile  on  the  west  side  of  Mobile  Bay  and  south  of  the  Bankhead  Tunnel. 

A schematic  map  of  the  area  showing  the  location  of  four  sampling  sites 
and  soil  class  boundaries  is  given  in  Figure  5.  At  the  time  of  the 
visit  (May  197^),  the  area  was  free  of  vegetation  except  for  a few 
scattered  small  trees  about  10  ft  tall  intermingled  with  patches  of 
marsh  grass  approximately  3 ft  tall;  there  was  very  little  surface  water 
present  except  for  a few  scattered  puddles  throughout  the  area.  General 
views  of  the  area  are  given  in  Figure  6. 

21.  About  25  percent  of  the  area  (north-central  section)  was  iden- 
tified as  coarse-grained  soil  and  75  percent  as  fine-grained  soil.  Site 

1 was  a poorly  graded  sand  (SP),  and  the  other  three  sites  were  fat 
clays  (CH).  The  SP  site  was  much  stronger  than  the  CH  sites;  the 
average  Cl  in  the  0-  to  6-in.  layer  of  SP  soil  was  63,  while  it  ranged 
from  5 to  lU  in  the  CH  soils. 

22.  Cl  profiles  are  presented  in  Figure  7.  The  coarse-grained 
soil  strength  (site  l)  increased  rapidly  to  a depth  of  5 in.,  decreased 
slightly  to  a depth  of  about  30  in.,  and  then  increased  again.  The 
profiles  for  the  clay  soils  (sites  2,  3,  and  1* ) are  quite  similar,  with 
different  surface  strengths  depicting  differences  in  surface  moisture 
conditions. 
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Figure  1+.  Cl  profiles  for  Blakeley  Island 


Figure  6.  General  views  of  Pinto  Island  area 


23.  McDuffie  Island  area.  This  area  is  approximately  1 mile 
southeast  of  Mobile  on  the  east  side  of  Garrows  Bend  and  the  west  side 
of  Mobile  Bay.  A schematic  map  of  the  area  showing  the  location  of  the 
three  sites  selected  for  sampling  is  presented  in  Figure  8.  The  whole 
containment  area  appeared  to  be  fine-grained  soil.  At  the  time  of 
sampling  (May  197^),  the  entire  area  was  almost  covered  with  marsh  grass 
about  3 ft  tall  and  a few  scattered  trees  about  10  ft  tall;  there  was 
little  surface  water  present  except  for  a few  scattered  puddles  through- 
out the  area. 

24.  The  soil  data  in  Table  1 show  that  lean  clay  (CL)  and  fat  clay 
(CH)  were  present.  The  surface  layer  of  the  lean  clay  at  site  3 was  much 
stronger  than  the  surface  layers  of  fat  clay  at  sites  1 and  2,  as  shown 
by  the  average  0-  to  6-in.  Cl  readings  (4o  versus  5 and  7). 

25.  Cl  profiles  for  the  McDuffie  Island  area  (Figure  9)  show  that 
three  distinct  surface  conditions  existed,  as  depicted  by  the  0-  to 
6-in.  Cl  readings.  Site  1 had  the  weakest  surface  layer  and  the  softest 
subsurface  material;  site  3,  the  strongest.  The  underlying  material  at 
all  sites  was  soft.  At  about  30  in.,  the  strength  of  the  soil  of  site 

3 began  to  increase  rapidly. 

Savannah  District 

26.  One  dredged  material  containment  area  was  sampled  in  the 
Savannah  District.  The  area,  known  as  Barnwell  Island,  is  in  South 
Carolina,  approximately  2 miles  northeast  of  Savannah  on  the  north  side 
of  the  Savannah  River,  as  shown  on  the  map  in  Figure  10.  Ten  sites  were 
selected  for  sampling;  their  locations  and  the  soil  class  boundaries  are 
identified  in  Figure  11.  At  the  time  of  sampling  (May  1974),  approxi- 
mately 40  percent  of  the  area  was  covered  with  patches  of  marsh  grass 
about  4 ft  tall.  The  only  surface  water  present  was  in  small  meandering 
drainageways . Some  of  the  area  contained  large  desiccation  cracks. 
General  views  of  the  area  are  given  in  Figure  12. 

27.  The  schematic  map  (Figure  11 ) shows  a strip  of  coarse-grained 
soil  (SP)  along  the  western  boundary  established  by  the  Savannah  River. 
The  remaining  area,  about  80  percent  of  the  total  area,  is  fine-grained 
soil  consisting  of  silty  clay  (MH)  and  fat  clay  (CH).  There  was  more 
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Figure  11.  Schematic  map  of  Barnwell  Island  area 


Figure  12.  General  views  of  Barnwell  Island  area 
(sheet  1 of  2) 


variation  in  surface  strength  at  this  site  than  at  the  other  sites.  The 
average  0-  to  6-in.  Cl's  were  higher  in  the  SP  soils  (73  and  85  at  sites 
7 and  10);  average  0-  to  6-in.  Cl's  of  the  MH  and  CH  soils  ranged  from 
U to  3U. 

28.  Cl  profiles  from  representative  sites  sampled  at  Barnwell 
Island  for  both  classes  of  soil  are  shown  in  Figure  13.  The  Cl  profiles 
for  both  soil  classes  cover  a wide  range  of  strength  values  and  profile 
shapes.  Except  for  sites  4 and  5,  the  subsurface  (6-  to  12-in. ) fine- 
grained soil  was  stronger  than  similar  soil  tested  at  the  other  sites. 
Norfolk  District 

29.  One  area  was  sampled  in  the  vicinity  of  Norfolk,  Virginia 
(Figure  l4).  The  area,  known  locally  as  Craney  Island,  is  approximately 
4 miles  northwest  of  Portsmouth,  Virginia,  and  about  8 miles  southeast 
of  Newport  News,  Virginia.  Twenty-two  sites  were  selected  for  sampling; 
their  locations,  surface  water  boundary,  and  soil  classes  are  presented 
in  Figure  15 . At  the  time  of  sampling  (May  1974),  the  area  was  bare 
except  for  a few  scattered  patches  of  marsh  grass  about  4 ft  tall  loca- 
lized in  the  southwest  corner.  About  4o  percent  of  the  surface  was 
covered  with  water.  General  views  of  the  area  are  given  in  Fig\ire  I6. 

30.  The  map  in  Figure  15  shows  bands  of  coarse-grained  soi3  along 
the  northern,  eastern,  and  southern  boundaries  of  the  containment  area. 
It  is  estimated  that  about  20  percent  of  the  area  consisted  of  coarse- 
grained soils  and  about  80  percent  of  fine-grained  soils.  All  of  the 
coarse-grained  soils  (Table  l)  were  classified  as  poorly  graded  sand 
(SP);  the  fine-grained  soils  included  silt  (ML),  lean  clay  (CL),  and 
fat  clay  (CH).  The  consistency  of  the  fine-grained  soils  ranged  from 

a slurry  (average  Cl  of  1 and  2)  to  a fairly  firm  soil  (average  cone 
index  of  25-55). 

31.  Cl  profiles  for  representative  sites  sampled  at  Craney  Island 
for  both  classes  of  soil  are  shown  in  Figvire  17.  The  range  in  strength 
is  small  for  the  coarse-grained  soils,  but  large  for  the  fine-grained 
soils,  particularly  in  the  top  15  in. 
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Figure  13.  Cl  profiles  for  Barnwell  Island 
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Figiire  lU.  Vicinity  map  of  the  Norfolk,  Virginia,  dredged 
material  containment  area 
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Figure  15-  Schematic  map  of  Craney  Islaml  area 
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Figure  l6  (sheet  2 of  2) 


Figure  IT.  Cl  profiles  for  Craney  Island  area 


Summary  of  Dredged  Material  Containment  Areas 


32.  On  the  basis  of  the  previous  discussions  and  data  presented, 
the  pertinent  characteristics  used  to  describe  operational  environments 
of  the  selected  dredged  material  containment  areas  from  a trafficability 
standpoint  are  summarized  in  the  following  tabulation. 


Coverrute . 

Cf-arse* 

-Orainei  : 

Soil 

Fined- 

•drained 

Soil 

Location  of 
Lispos'il  Area 

Surface 

Water 

Ve^teta- 

tion 

Area 

Typns 

Averaj^e 
0-6  in. 

Cl.  Range 
' f5ll2  in.’ 

Area 

Types 

Average  Cl.  Range 
0-6  in.  6-12  in. 

Mobile  District: 
i^lrtkel»*y  Islar.  i 

i*0 

0 

15 

SP 

8-3? 

1.-100+ 

85 

8-21. 

2-l6 

Finto  Islar.  i 

? 

2 

?5 

SP 

78** 

75 

CH 

5-1*. 

2-5 

M''n’.if f i«?  Islan’i 

2 

9« 

0 

-- 

— 

— 

100 

CL,CH 

5-UO 

2-8 

.Davar:nah  Dis^ri  -t : 

Bart.wt'll  Island 

5 

1*0 

20 

SP 

73-85 

98-100+ 

80 

MH,CH 

1.-31. 

1.-29 

?.’:rf  Ik  District: 

Craney  Islanl 

i*0 

2 

20 

SP 

72-87 

96-100+ 

80 

CH,ra. 

1-55 

1-60 

• Fst  ir.al*' i . 

•*  hepreseri’.s  only  ofiC  sample  site. 

33.  These  data  show  that  the  operational  environments  of  dredged 
material  containment  areas  can  be  highly  variable.  Surface  water  cover- 
age ranged  from  about  2 to  Uo  percent , and  vegetal  coverage  varied  from 
none  to  about  98  percent.  Both  coarse-  and  fine-grained  soils  occurred 
at  each  disposal  area,  except  that  no  coarse-grained  soil  was  present  in 
the  McDuffie  Island  area.  Coarse-grained  soils  were  localized  near  the 
infall  locations  and,  when  present,  occupied  15  to  25  percent  of  the 
area.  The  only  type  of  coarse-grained  soil  was  identified  as  poorly 
graded  sand  (SP).  Except  for  one  area  (Blakeley  Island),  the  coarse- 
grained soil  was  fairly  strong,  the  average  Cl  ranging  from  about  60  to 
90  in  the  0-  to  6-in.  layers  and  from  80  to  100+  at  the  6-  to  12-in. 
depth.  Fine-grained  soils  predominated  (75  to  100  percent)  in  all  areas 
visited,  and  included  fat  clay  (CH),  silty  clay  (MH),  lean  clay  (CL),  and 
silt  (ml).  Generally,  the  strength  of  the  surface  layer  (O-  to  6-in.) 
was  higher  than  that  of  the  deeper  layers.  The  average  Cl  ranged  from 
about  1 to  55  in  the  0-  to  6-in.  layer  and  from  1 to  60  in  the  6-  to 
12-in.  layer.  The  soil  strength  data  in  Table  1 show  that  about  30  per- 
cent of  the  sites  sampled  had  average  Cl  values  in  the  6-  to  12-in.  layer 
of  5 or  less,  and  about  75  percent  had  average  Cl  values  less  than  30  in 
that  same  soil  layer. 
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3^.  The  data  collected  and  the  observations  made  make  clear  the 
fact  that  dredged  material  containment  areas  present  a very  harsh  en- 
vironment for  vehicle  or  equipment  operation.  The  problem  is  compounded 
by  the  combined  effects  of  soft  soil,  availability  of  free  water  that 
may  reduce  soil  strength  when  mixed  into  the  soil  by  vehicle  running 
gears,  and  vegetation  that  may  foul  the  running  gears.  To  ensure  effec- 
tive operation  of  equipment  in  the  operation  and  maintenance  of  con- 
fined disposal  areas,  the  operational  environment  must  be  considered  in 
the  selection  of  existing  vehicles  or  in  the  design  of  new  ones. 


PART  III:  SELECTION  OF  VEHICLES  FOR  CATALOG 

AND  ASSESSMENT  OF  THEIR  CAPABILITIES 


Selection  of  Vehicles 


35.  Available  low-ground-pressure  vehicles  were  inventoried  by- 
searching  the  literature  and  by  contacting  manufacturers  in  the  United 
States  and  Canada.  Only  vehicles  with  1-pass  VCI's  of  30  or  less  are 
included  in  the  catalog  (Appendix  C).  These  VCI's  were  computed  by  pro- 
cedures described  in  Appendix  A;  effects  of  buoyancy  (Appendix  B)  were 
taken  into  accovmt. 

Methodology  Used  to  Assess  Vehicle  Capabilities 

36.  The  soil  vehicle  analytical  submodel  of  AMC-Tl,  hereafter 
called  the  WES-VCI  submodel  (see  Appendix  A),  was  used  to  predict  the 
performance  of  the  vehicles  shown  in  Appendix  C.  Using  the  performance 
predictions,  the  capabilities  of  each  vehicle  to  operate  in  soft,  fine- 
grained soils  were  assessed.  Coarse-grained  soils  were  excluded  from 
the  evaluation  because  most  vehicles  included  in  this  study  experience 
little  or  no  difficulty  in  negotiating  such  materials;  however,  the 
methodology  used  for  coarse-grained  soil  is  included  in  Appendix  A in 
case  operational  problems  occur.  The  vehicles  listed  in  Appendix  C were 
arbitrarily  divided  into  six  groups  on  the  basis  of  payload.  The  group 
numbers,  payload  range,  and  number  of  vehicles  in  each  group  are  as 
follows : 


Vehicle 

Classification 

Number  of 

Group 

Payload  Range 

Vehicles 

No. 

tons 

in  Group 

I 

>0-3/i^ 

19 

II 

1-2-1/2 

11 

III 

3-T-1/2 

11 

IV 

8-15 

8 

V 

>15 

8 

VI 

0 (Bulldozers) 

3 

Total  60 
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VCI's  for  1-  and  50-pass  go-no  go  performance  were  computed  for  vehicles 
in  each  group,  and  these  numbers  were  compared  with  specific  soil 
strength  values  discussed  in  the  next  paragraph  to  obtain  estimates  of 
go-no  go  and  excess  traction  performance  for  the  respective  nimiber  of 
passes . 

37-  The  soil  strength  values  used  were  arbitrarily  selected  in  the 
range  from  0 to  30  Cl.  This  range  was  selected  because  75  percent  (para- 
graph 33)  of  the  fine-grained  soils  sampled  in  the  dredged  material  had 
a Cl  of  30  or  less  in  the  6-  to  12-in.  layer.  As  indicated  earlier 
(paragraph  1^*),  only  the  Cl  was  measured;  however,  for  this  analysis  it 
was  assumed  that  no  change  would  occur  in  soil  strength  with  vehicle 
traffic,  making  the  RI  equal  to  1 and  the  Cl  equal  to  the  RCI  (see  para- 
graph 9)-  Hereafter,  RCI  is  used  in  the  discussion  in  place  of  Cl.  The 
soil  strength  range  of  0-30  was  broken  into  five  units  with  values 
assigned  to  each  representing  the  approximate  midpoint  of  each  unit 
range.  The  soil  classification  units  and  soil  strength  values  assigned 
to  each  unit  are: 


Soil  Classification 


Unit  Number  RCI 


1 2 

2 8 

3 li+ 

U 20 

5 26 


Analysis  of  Vehicle  Performance  Data 


38.  The  computed  or  experimentally  determined  1-  and  50-pass 
VCI's  (VCI^  and  VCI^q),  and  1-pass  drawbar  pull  of  each  vehicle  on  each 
of  the  above  soil  strengths  that  exceeded  VCI^  are  presented  in  Table  2. 
(The  vehicle  data  used  to  compute  VCI  are  given  in  the  vehicle  specifi- 
cation data  sheets  in  Appendix  C. ) For  each  vehicle  group,  excess 

U 

traction  or  net  drawbar-pull  performance  was  examined  on  the  basis  of 
the  number  of  vehicles  that  could  develop  a designated  amount  of  drawbar 
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pull  on  each  soil  unit.  Based  on  experience  and  engineering  judgment,  it 
was  assumed  that  for  a vehicle  to  do  an  effective  job  in  pushing  or  over- 
turning soil  material  on  a 1-pass  basis,  the  vehicle  should  develop 
excess  traction  of  about  50  percent  of  its  weight,  or  a drawbar-pull 
coefficient  of  0.50.  Three  categories  of  excess  traction  were  estab- 
lished for  comparing  traction  performance,  i.e.  <0.U0,  O.UO-O.6O,  and 

>0.60. 

Group  I vehicles, 

>0-  to  3/U-ton  payload 

39.  The  results  of  go-no  go  and  drawbar-pull  computations  for 
the  19  vehicles  in  Group  I are  shown  in  Table  2.  The  number  of  vehicles 
that  can  equal  a specified  performance  in  specific  soil  strengths  is 
given  in  the  following  tabulation. 

Soil 


Classification 

Soil 

Number  of 
That  Can 

' Vehicles 
Complete 

Number  of 
1-Pass 

Vehicles  That  Can 
Excess  Traction, 

Develop 

DBP/W»f 

Unit 

RCI 

1 Pass 

50  Passes 

<0.1+0 

0.1*0-0.60 

>0.60 

1 

2 

6 

1* 

19 

0 

0 

2 

8 

16 

8 

19 

U 

0 

3 

ll* 

19 

12 

19 

13 

0 

1* 

20 

19 

16 

19 

17 

0 

5 

26 

19 

18 

19 

19 

10 

* Drawbar  pull  divided  by  vehicle  weight 

ho.  The  tabulation  above  shows  that  six  vehicles  can  complete  one 
pass  and  four  vehicles  can  complete  50  passes  on  the  softest  soil  unit 
(unit  1).  None  of  the  vehicles  can  develop  excess  traction  equal  to  or 
exceeding  i+0  percent  of  the  vehicle's  weight.  Soil  strength  increases 
with  soil  unit  number;  all  vehicles  in  Group  I can  complete  1 pass  on 
soil  units  3-5,  and  I8  vehicles  can  complete  50  passes  on  soil  unit  5. 
Four  of  the  vehicles  in  this  group  can  develop  1-pass  excess  traction 
(DBP/W)  of  0.1*0  and  not  more  than  O.60  in  soil  unit  2.  The-  number  of 
vehicles  increases  to  IT  on  soil  luiit  I4;  and  on  soil  unit  5,  19  vehicles 
can  develop  DBP/W  in  the  0.1*0-0.60  range,  and  10  can  develop  DBP/W 
greater  than  0.60.  The  choice  of  vehicles  in  this  group  for  survey  or 
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reconnaissance  Jobs  is  very  good  even  for  the  two  softest  soil  units; 
however,  this  group  is  rather  limited  for  Jobs  in  the  two  softest  soil 
units  that  may  require  excess  traction  for  towing  equipment  or  devices 
for  reworking  the  soil. 

Group  II  vehicles, 

1-  to  2-1/2-ton  payload 

Ul.  Vehicle  performance  computations  for  the  11  vehicles  in 
Group  II  are  given  in  Table  2.  A suminaiy  of  the  data  in  Table  2 is  pre- 
sented in  the  following  tabulation. 

Soil 


Classification 

Number 

of  Vehicles 

Number  of 

Vehicles  That 

Can  develop 

Soil 

That  Can  Complete 

1-Pass 

Excess  Traction 

, DBP/W 

Unit 

RCI 

1 Pass 

50  Passes 

<0.U0 

0.U0-0.60 

>o.6o 

1 

2 

1* 

3 

11 

0 

0 

2 

8 

11 

5 

11 

3 

0 

3 

lU 

11 

6 

11 

7 

0 

h 

20 

11 

11 

11 

11 

0 

5 

26 

11 

11 

11 

11 

6 

h2.  The  tabulation  above  shows  that  four  vehicles  in  this  group 
can  complete  1 pass,  and  three  vehicles  can  complete  50  passes  in  soil 
unit  1.  On  soil  units  2-5,  all  vehicles  can  complete  1 pass,  and  in 
soil  units  U and  5,  all  vehicles  can  complete  50  passes.  As  in  Group  I, 
none  of  the  Group  II  vehicles  can  develop  a 1-pass  DBP/W  greater  than 
O.UO  in  soil  unit  1.  In  soil  unit  3,  seven  vehicles  have  a DBP/W  in 
the  0.140-0.60  range,  and  in  soil  unit  U,  this  number  increases  to  11 
vehicles.  The  number  of  vehicles  available  for  survey  and  reconnais- 
sance work  is  limited  for  soil  unit  1;  but  on  soil  strengths  corre- 
sponding to  unit  2 or  greater,  the  percentage  of  vehicles  that  have 
a potential  for  doing  a variety  of  Jobs  is  very  high. 

Group  III  vehicles, 

3-  to  7-1/2-ton  payload 

1»3.  The  results  of  vehicle  performance  computations  for  the  11 
vehicles  in  this  group  are  given  in  Table  2.  A summary  of  Table  2 data 
by  number  of  vehicles  that  can  achieve  a stated  level  of  performance  is 
given  in  the  following  tabulation. 
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Soil 


Classification 

Number  of 

Vehicles 

Number  of 

Vehicles  That 

Can  Develop 

Soil 

That  Can 

Complete 

1-Pass 

Excess  Traction 

, DBP/W 

Unit 

RCI 

1 Pass 

50  Passes 

<0.1+0 

0.1+0-0.60 

>o.6o 

1 

2 

3 

3 

11 

0 

0 

2 

8 

8 

3 

11 

3 

0 

3 

ll+ 

11 

3 

11 

6 

0 

1+ 

20 

11 

9 

11 

9 

0 

5 

26 

11 

10 

11 

11 

3 

hk.  The  tabulation  above  shows  that  three  vehicles  can  success- 
fully complete  1 or  50  passes  on  soil  unit  1;  all  vehicles  can  complete 
1 pass  on  soil  units  3,  and  5-  Only  one  vehicle  cannot  complete  50 
passes  on  soil  unit  5 (Vehicle  III-6).  DBP/W  on  soil  unit  1 is  <0.U0 
for  all  vehicles  in  Group  III,  but  on  soil  units  2-5,  the  number  of 
vehicles  whose  DBP/W  performance  equals  or  exceeds  0.1+0  increases 
rapidly.  The  performance  of  Group  III  vehicles  appears  to  be  similar 
to  the  performance  of  Groups  I and  II . 

Group  IV  vehicles, 

8-  to  15-ton  payload 

1+5.  The  results  of  go-no  go  and  drawbar-pull  calculations  for 
eight  vehicles  in  Group  IV  are  shown  in  Table  2.  The  number  of  vehicles 
that  can  achieve  a specified  performance  on  specific  soil  strengths  is 
given  in  the  following  tabulation. 


Soil 

Classification  Number  of  Vehicles  Number  of  Vehicles  That  Can  Develop 
Soil  That  Can  Complete  1-Pass  Excess  Traction,  DBP/W 

Unit 

1 
2 
3 
1+ 

5 

1+6.  The  above  data  indicate  that  none  of  the  vehicles  can  travel 


RCI  1 Pass  50  Passes  <0.1+0 

8 
8 
8 
8 
8 


2 

8 

ll+ 

20 

26 


0 

U 

6 

T 

8 


0 

0 

0 

1+ 

6 


0.1+0-0.60 

0 

0 

2 

6 

6 


>o.6o 

0 

0 

0 

0 

0 


on  soil  unit  1,  four  vehicles  can  complete  1 pass  on  soil  unit  2,  and 
six  vehicles  can  make  1 pass  on  soil  unit  3.  Fifty-pass  performance  is 
possible  for  four  vehicles  on  soil  unit  1+;  six  vehicles  can  complete 
50  passes  on  soil  unit  5.  Significant  DBP/W  in  the  range  of  0.1+0-0.60 
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cannot  be  developed  on  soil  units  1-3,  but  six  of  the  vehicles  in  Group 

IV  can  develop  a DBP/W  in  the  range  of  O.UO-0.60  on  soil  units  i*  and  5. 

The  performance  of  Group  IV  vehicles  is  less  than  that  of  the  first 
three  vehicle  groups. 

Group  V vehicles, 
payloads  >15  tons 

UT.  The  results  of  go-no  go  and  drawbar-pull  computations  for  the 

eight  vehicles  in  this  group  are  shown  in  Table  2.  The  number  of 

vehicles  that  can  equal  a specified  performance  on  specific  soil 
strengths  is  given  in  the  following  tabulation. 


Soil 


Classification 

Soil 

Number  of  Vehicles 
That  Can  Complete 

Unit 

RCI 

1 Pass 

50  Passes 

1 

2 

1 

1 

2 

8 

6 

1 

3 

lU 

8 

2 

U 

20 

8 

6 

5 

26 

8 

8 

Number  of  Vehicles  That  Can  Develop 
1-Pass  Excess  Traction,  DBP/W 


<0.l0  0.1*0-0.60  >0.60 


8 0 0 

8 1 0 

8 U 0 

8 8 0 

8 8 2 


1*8.  The  above  data  show  that  one  Group  V vehicle  can  operate  on 
soil  unit  1;  that  vehicle  (V-8)  can  complete  50  passes  on  soil  unit  1. 
All  Group  V vehicles  can  complete  1 pass  on  soil  units  3,  1*,  and  5. 
Fifty-pass  go-no  go  performance  is  limited  primarily  to  soil  units  1* 


and  5-  In  terms  of  DBP/W  performance,  only  one  vehicle  can  develop 


traction  in  the  0.1*0-0.60  range  on  soil  unit  2;  however,  the  number  of 


vehicles  than  can  attain  this  level  of  traction  performance  increases 
to  eight  on  soil  units  1*  and  5*  The  performance  of  Group  V vehicles 
is  better  than  that  of  the  Group  IV  vehicles,  but  less  than  that  of  the 


first  three  vehicle  groups. 


Group  VI  vehicles, 

0 payload  (Bulldozers) 

1*9.  The  results  of  go-no  go  and  drawbar-pull  computations  for 
the  three  vehicles  in  this  group  are  shown  in  Table  2.  The  number  of 
vehicles  that  can  equal  a specified  performance  on  specific  soil 
strengths  is  given  in  the  following  tabulation. 


Soil 

Classification  Number  of  Vehicles  Number  of  Vehicles  That  Can  Develop 


Soil 

That  Can 

Complete 

1-Pass 

Excess  Traction, 

DBP/W 

Unit 

RCI 

1 Pass 

50  Passes  <0,k0 

0.1+0-0.60 

>0.60 

1 

2 

0 

0 

3 

0 

0 

2 

8 

3 

0 

3 

0 

0 

3 

lU 

3 

0 

3 

0 

0 

U 

20 

3 

3 

3 

3 

0 

5 

26 

3 

3 

3 

3 

0 

50. 

The 

tabulation 

above  shows 

that  none  of  the  vehicles 

can  com' 

plete  1 or  50  passes  on  soil  unit  1;  three  vehicles  can  complete  one 
pass  on  soil  units  2-5  and  50  passes  on  soil  units  U and  5-  Significant 
DBP/W  in  the  range  of  O.UO-0.60  cannot  be  developed  on  soil  units  1-3, 
but  all  three  vehicles  in  Group  VI  can  develop  a DBP/W  in  the  range  of 
O.UO-0.60  in  soil  units  h and  5>  None  of  the  vehicles  can  develop  a 
DBP/W  >0.60  on  any  of  the  soil  units. 


PART  IV:  SUMMARY  AND  RECOMMENDATIONS 


Summary 

51.  Sixty  vehicles  were  selected  for  this  study  based  on  their 
potential  of  doing  a useful  job  in  operation  and  maintenance  of  confined 
dredged  material  disposal  areas.  The  vehicles  were  divided  into  six 
payload  groups,  which  indirectly  reflect  the  size  of  the  job  that  the 
vehicle  or  equipment  may  be  expected  to  perform.  Vehicle  performance 
was  expressed  in  terms  of  go-no  go  and  traction  on  five  selected  soil 
strengths  that  cover  the  range  of  soil  strengths  measured  in  several 
disposal  areas  representative  of  many  operational  environments. 

52.  An  examination  of  the  summary  tabulations  (paragraphs  39 > ^1> 
^3,  ^5,  ^7,  and  ^9),  which  include  the  number  of  vehicles  that  can  com- 
plete 1 and  50  passes  and/or  develop  a specified  traction  on  specific 
soil  strengths,  shows  that  there  is  a reasonable  selection  of  vehicles 
in  all  payload  groups  that  can  operate  on  soil  lanits  3,  and  5 
(iU-26  RCI).  The  computed  data  show  that  several  vehicles  in  payload 
Groups  I-III  are  capable  of  successful  operation  in  soil  unit  1;  how- 
ever, with  the  low  VCI  prediction  accuracy  for  low-ground-pressure  open- 
track  vehicles  (see  paragraph  5,  Appendix  C),  the  selection  of  these 
vehicles  to  perform  specified  jobs  should  be  made  with  caution. 

R e commendations 


53.  The  results  reported  in  this  study  represent  the  state  of 
the  art  of  vehicles  that  are  commercially  available  or  have  undergone 
recent  military  testing,  and  that  can  operate  in  soft  soils.  Before 
the  concept  of  using  low-ground-pressure  construction  equipment  for 
dredged  material  containment  area  operations  can  be  applied  with  a 
higher  level  of  confidence,  other  or  follow-on  studies  should  be  con- 
ducted to  identify  missions  or  jobs  to  be  performed,  establish 
measures  of  performance,  evaluate  current  automotive  and  mobility 
technology  and  focus  on  subject  problems  by  modification  and  refinement 
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as  required,  describe  the  operational  environment  in  engineering 
terms,  validate  performance  predictions,  and  develop  an  analytical 
framework  to  account  for  the  pertinent  equipment-operational  environ- 
ment interactions.  This  technological  base  can  then  be  used  to  prepare 
equipment  performance  criteria  and/or  specifications,  evaluate  testable 
specifications,  and  design  new  equipment  if  necessary. 
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AITKNDIX  A:  MIsTlIODG  USED  FOR  COMPUTING  SOFT-GOIL 

VEHICLE  PERFORMANCE 


1 2* 

1.  A.MC-T1  ’ is  a comprehensive  computer  model  for  evaluatin/3 
cross-country  vehicle  mobility.  It  consists  of  an  aggregation  of  sub- 
models designed  to  predict  specific  terrain-vehicle-driver  interactions 
(i.e.  soil-vehicle,  dynamics,  visibility,  etc.)  in  engineering  or  quanti- 
tative terms.  The  methods  used  herein  to  compute  vehicle  soft-soil  per- 
formance are  contained  in  the  soil-vehicle  submodel,  referred  to  here- 
after as  the  WES-VCI  submodel. 


Description  of  WES-VCI  Submodel 


2.  The  WES-VCI  submodel  for  predicting  vehicle  performance  for 
fine-  and  coarse-grained  inorganic  soils  includes  determination  of  mini- 
mum soil  strength  required  in  terras  of  vehicle  cone  index  (VCI),  maximum 
towing  force,  and  towed-motion  resistance  of  a vehicle  traveling  in  a 
straight  line  in  tmaccelerated  motion  on  unobstructed  level  and  sloping 
soil  surfaces.  All  of  the  performance  parameters  are  related  to  rating 
cone  index  (RCI)  for  fine-grained  soils  and  cone  index  (Cl)  for  coarse- 
grained soils.  The  pertinent  soil-vehicle  performance  relations  were 
empirically  derived  from  field  test  data  that  included  a wide  range  in 
vehicle  characteristics  and  soil  strengths.  Initially,  performance  in 
fine-grained  soils  was  predicted  for  50-pass  traffic;  subsequently, 
1-pass  performance  prediction  was  required.  The  VCI  1-pass  performance 
prediction  scheme  was  developed  by  adapting  techniques  used  in  the  50- 
pass  prediction.  For  coarse-grained  soils,  1-pass  performance  only  is 
predicted,  because  tests  have  shown  that  the  minimum  soil  strength  for 
travel  on  the  first  pass  is  adequate  for  travel  on  all  subsequent 
passes . 


* Superscript  numbers  in  this  appendix  refer  to  similarly  numbered 
entries  in  the  References  following  main  text. 
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Asnumpt.  Ions 

3.  Principal  assumptions  pertinent  to  this  model  are  listed  below. 

a.  Soil. 

' (l)  The  mean  rating  cone  index  RCIzj^,z2  for  ^ critical 

layer  between  depths  zj  and  Z2  > selected  according 
to  vehicle  weight  and  type,  soil  type,  and  Cl  profile 
character,  adequately  represents  the  full  Cl  profile. 

(2)  There  is  no  large  discontinuity  between  mass  soil 
strength  and  surface  soil  strength. 

(3)  Nonwoody  surface  vegetation  has  no  effect  on 
performance . 

(U)  Soil  stickiness  has  no  effect  on  performance. 

b.  Vehicle. 

(1)  The  vehicle  moves  only  in  straight,  unaccelerated 
motion. 

(2)  Sufficient  torque  is  available  for  self-propulsion 
in  all  soil  conditions. 

(3)  Individual  tractive  elements  (tires  or  tracks)  share 
the  gross  load  equally. 

(1+)  All  wheels  in  contact  with  the  ground  are  powered. 

(5)  Tire  deflection  on  self-propelled,  wheeled  vehicles 
is  assiimed  constant  at  the  level  determined  by  the 
inflation  pressure  recommended  for  the  vehicle  in 
cross-country  operation. 

Soil  parameters 

h.  Soil  parameters  used  in  this  model  are: 

a.  Cl  or  RCI 

b.  Gross  slope 

£.  Classification  of  soil  (fine-grained,  coarse-grained,  or 

organic ) 

Critical  layer: 

(1)  It  may  vary  with  weight  and  type  of  vehicle  and  soil 
strength  profile. 

(2)  For  freely  draining  or  clean  sand,  it  is  usually  the 
0-  to  6-in.  layer. 

(3)  For  fine-grained  soil  and  remoldable  sand,  it  is 
usually  the  0-  to  6-in.  layer  for  1-pass  performance 
and  the  6-  to  12-in.  layer  for  50-pass  performance. 


J 


Vehicle  parameter;; 

5.  Vehicle  panuneterr.  pertinent  to  this  model  are: 
a.  Tracked  vehicles 


' (1) 

Gross  weight 

(2) 

Track  width 

(3) 

Track  ground-contact  area 

(M 

Track  pitch 

(5) 

Grouser  height 

(6) 

Total  number  of  bogies  or  road  wheels  for  all 

(7) 

Ground  clearance  to  lowest  point  on  hull 

(8) 

Engine  horsepower 

(9) 

Transmission  type  (manual  or  automatic) 

b.  Wheeled  vehicles 

(1) 

Gross  weight 

(2) 

Number  of  tires 

(3) 

Tire  nominal  width 

W 

Undeflected  tire  outside  diameter 

(5) 

Tire  inflation  pressure 

(6) 

Tire  ply  rating 

(7) 

Number  of  axles 

(8) 

Ground  clearance  to  lowest  point  on  chassis 

(9) 

Engine  horsepower 

(10) 

Transmission  type  (manual  or  automatic) 

Fine-grained  soil 

and  remoldable  sand 

6.  VCI,  towed-motion  resistance,  and  drawbar-p\ill  performance 
curves  were  derived  from  actual  measxirements  in  over  1,600  tests  run  in 
prepared  and  natural  soil  materials  with  self-propelled  and  towed 
wheeled  and  tracked  vehicles.  The  complete  data  base  covers  a wide 
range  of  vehicle  characteristics  and  types  of  fine-graijied  soils.  Test 
vehicle  weights  ranged  from  about  ^,000  to  more  than  100,000  lb;  tire 
diameters  ranged  from  about  30  to  60  in.;  and  soil  conditions  included 
all  fine-grained  soil  types,  each  in  strengths  ranging  from  unquestion- 
able go  to  unquestionable  no  go  for  each  vehicle  tested  in  it. 
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7.  in  I'ine-oraitied  noils 

J=n 

VCI  = RCI  = — ^ > Cl,  X RI,  (Al) 

n + 1 J J 

J=0 

where 

n = number  of  equal  divisions  in  critical  layer  used  for 
measurement  purposes 

j = summation  index  , 

Cl . = before-traffic  Cl  for  soil  at  a depth  z 
J 

RI . = RI  at  depth  z 
J 

Depth  z is  determined  by 


z 


h * J 


n 


(A2) 


where  z^,  ^2  ~ boundaries  of  the  critical  layer 

8.  The  fimdamental  relations  and  empirically  derived  equations 
and  graphs  that  are  component  parts  of  the  WES-VCI  model  are  used  for 
predicting  vehicle  performance  in  fine-grained  soils  and  are  outlined 
below. 

a.  The  mobility  index  (Ml)  is  determined  from  Equation  A3  or  aU 
for  tracked  or  wheeled  vehicles,  respectively.  These 
equations  for  self-propelled  vehicles  are  given  in  Tables  Al 
and  A2,  respectively.  Equations  for  computing  MI  for  towed 
wheeled  and  tracked  trailers  are  available;  but  since  they 
are  not  used  in  any  analytical  ground  mobility  model,  they 
are  not  included  herein. 

b.  VCI  is  a function  of  vehicle  type,  MI,  and  the  momber  of 
passes  to  be  completed  where  VCIi  is  the  VCI  for  1 pass  and 
VCIjg  is  the  VCI  for  50  passes.  It  is  obtained  from  the 
curves  in  Figxire  Al. 

c_.  The  net  maximum  drawbar-pull  coefficient  on  level  ground  and 
the  corresponding  maximum  slope  negotiable  are  determined 
as  functions  of  the  excess  RCI  over  VCI  (i.e.,  RCI  - VCI), 
shown  in  Figure  A2;  classification  of  vehicle  type;  and 
number  of  passes  to  be  completed.  The  relations  used  for 
1-  and  50-pass  traffic  for  tracked  and  wheeled  vehicles 
are  given  in  Figures  A3,  and  A^*,  respectively. 


Figure  Al.  Relation  of  MI  to  VCI  for  self-propelled  vehicles 


MAXIMUM  DRAWBAR-PULL  COEFFICIENT  OR 
MAXIMUM  SLOPE  NEGOTIABLE  U 


maximum  drawbar-puul  coefficient  at  20  percent  slip 
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Figure  A3.  Relation  of  1-pass  maximum  drawbar  pull  or  maximum 
slope  negotiable-soil  strength  for  tracked  vehicles  operating 

on  fine-grained  soil 
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MAXIMUM  DRAWBAR-PULL  COEFFICIENT  AT  20  PERCENT  SLIP 


d.  The  towod-motion  resistance  coefficient  on  level  ground 
can  be  estimated  from  its  relation  to  RCI  or  excess  RCI, 
the  classification  of  the  vehicle  by  load  and  type,  and 
the  number  of  passes  to  be  completed.  The  relations 
used  for  50  passes  and  1 pass  are  shown  in  Figures  A5 
and  a6,  respectively. 

Coarse-grained  soil 

9.  The  same  basic  soil  a^d  vehicle  characteristics  are  used  to 
predict  vehicle  performance  in  coarse-grained  soils  (clean  sands)  in 
terms  of  VCI,  towed-motion  resistance,  drawbar  pull,  and  maximum  slope 
negotiable  for  tracked  and  wheeled  vehicles.  The  relevant  data  were 
derived  from  some  1,1*00  tests  of  self-propelled  wheeled  vehicles  (all- 
wheel drive)  and  about  200  tests  of  self-propelled  tracked  vehicles  run 
mostly  in  natural  sand  conditions.  Test  site  data  are  characteristic 
of  dry  and  moist  sands  commonly  fo\ind  in  inlajid  deserts  of  the  United 
States  and  on  continental  and  river  beaches  of  the  United  States  and 
foreign  countries.  The  sands  were  of  quartz,  coral,  and  volcanic  ash 
origin.  The  available  test  data  represent  a reasonable  range  in 
vehicle  and  soil  characteristics.  The  soil  types  tested  included  sand, 
gravel,  and  sand  and  gravel  mixtures.  Wheeled  vehicle  test  weights 
ranged  from  2,600  to  33,000  lb,  tire  diameters  ranged  from  about  30  to 
65  in.,  and  tire  pressures  ranged  from  10  to  60  psi.  Tracked  vehicles 
tested  included  those  with  girderized  and  flexible  track  with  weights 
ranging  from  1|,500  to  about  36,000  lb. 

10.  In  clean  sands 


VCI^ 


(A5) 


where 

Cl  = average  before-traffic  cone  index 

11.  Tracked  vehicles.  Data  available  on  tracked  vehicle  perform- 
ance in  coarse-grained  soils  indicate  that  tracked  vehicles  usually  ex- 
perience little  or  no  difficulty  traversing  level,  clean  sands.  The 
effects  of  soil  strength  and  ground  contact  pressure  on  the  performance 
(drawbar  pull  and  slope  climbing)  of  a given  tracked  vehicle  are  small. 
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TOWED  MOTION  RESISTANCE  COEFFICIENT 


Figure  A5.  Relation  of  50-pass  towed  motion  resistance  on  level  ground 

to  RCI 


TOWED  MOTION  RESISTANCE  COEFFICIENT 


RCi:  POINTS  ABOVE  VCI,  RCI^ 


Figure  a6.  Relation  of  1-pass  towed  motion  resistance-soil  strength  for 
t, racked  and  wheeled  vehicles  operating  on  fine-grained  soils 


Tr.-ick  typo  appearu  to  be  the  principal  factor  influencing  performance, 
a;-.  L?hown  in  F’igure  AT.  On  the  basis  of  these  data,  average  drawbar-pull 
values  of  ‘^0  and  [36  percent  of  gross  vehicle  weight  are  used  for  predic- 
tion purposes  for  flexible  and  girderized  tracks,  respectively.  Motion 
resistance  has  not  been  well-defined.  For  the  time  being,  however,  the 
following  equations  are  used. 

a.  Flexible  tracks: 

MR  = O.lOW  (a6) 

s 

b.  Girderized  tracks: 

MR  = O.OTUW  (at) 

s 

where 

MR  = towed-motion  resistance  (soil),  lb 
s 

W = gross  vehicle  test  weight,  lb 

12.  Wheeled  vehicles.  From  the  individual  tests,  352  separate 
empirical  soil-vehicle  performance  relations  (see  Figure  A8a  for  ex- 
amples) were  established  for  specific  vehicles,  and  data  from  these 
relations  were  input  to  a statistical  analysis  to  develop  regression 
equations  relating  the  performance  parameters  to  soil  and  vehicle 
factors.  Multiple  curvilinear  regression  techniques  were  used  to 
establish  equations  for  predicting  VCI,  maximum  drawbar  pull,  and  maxi- 
mum slope  negotiable;  and  linear  regression  techniques  were  used  to 
develop  an  equation  for  towed-motion  resistance.  An  example  of  the  soil- 
vehicle  performance  parameter  relations  used  in  the  analysis  is  shown  in 
Figure  A8.  The  vehicle  and  soil  characteristics  used,  together  with 
forms  for  computing  performance,  are  given  in  Tables  A3  and  Ah. 

13.  The  equations  for  vehicle  performance  in  coarse-grained  soil 
resulting  from  this  statistical  analysis  are  as  follows: 

a.  VCIj^  = antilogarithm*  (-0.350X2  + 0.0526Xo  (a8) 

+ 0T0211X^  + I.58TO). 

b.  Maximum  drawbar  pull,  percent  of  gross  weight 

= (28.8TXj^  + 10.10X2  ■ 1-52X3  - 0.61X1*  - U3.82)  (A9) 

* Logarithm  to  the  base  10. 


A12 


eo 


< U) 

go 
<0  50 
Ob. 

3° 

Dl- 
2Z 
X hi 

3“^ 

hi 

a.  40 


Dfi  -- 

— 

D7 

L^U 

u 

M4— : 

kA  A 

1290-^ 

15A4 



0 40  60  120  leo 

0-TO  e-IN.  Cl  BEFORE  TRAFFIC 


d.  MAXIMUM  DRAWBAR  PULL,  PERCENT  OF  VEHICLE  WEIGHT 


3 20,000 


3 

a. 

I 

a. 

< 

0 

1 10,000 

a 


3 

3 

3 

X 

< 

2 0 


D7 

M5A4 

^TANfO.56 

[ 

*M4 

M29C 

0.50 

0 10,000  20,000  30,000  40,000 

TEST  WEIGHT,  LB 


b.  "MAXIMUM  DRAWBAR  PULL,  LB 


LEGEND 

D4,  06,  a 07  ENGINEER  TRACTORS  (GIROERIZEO  TRACKS) 

M4  a MSA4  HI-SPEEO 
M29C  WEASEL 

Figure  A7.  Determination  of  maximum  drawbar  pull 
of  tracked  vehicles  in  dry-to-moist  sand 


TRACTORS 


} 


(FLEXIBLE  TRACKS) 


A13 


MAXIMUM  DRAWBAR  PULL,  PERCENT  OF  GROSS  WEIGHT 


0-  TO  6-IN.  Cl  BEFORE  TRAFFIC 
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Figure  A8.  Soil-vehicle  performance  rela- 
tions used  in  coarse-grained  soil  predic- 
tion analysis 


(AlO) 


c_.  M.'ixiitium  slope  negotiable,  percent  = (28.87X 

+ lO.lOX^  - 1.52X^  - O.6IX,  - 1^5.82)  ..  ^ 

2 0 4 / 

Towed-mot ion  resistance,  percent  = <(22.20  + 0.92  (All) 

X Xj^)  + [(-8  - 0.37  X Xj^)(log  X^)]l' 

where,  for  Equations  A8,  A9,  AlO,  and  All, 

= log  of  Cl 

Xp  = log  of  estimated  total  contact  area  in  square 
inches  (see  Tables  A3  and  Al+) 

X^  = number  of  tires  powered 

Xj^  = tire  inflation  pressure,  psi 

U5.82  and  U3.82  = equation  constants 

lU,  The  equations  in  the  preceding  paragraph  were  derived  from 
available  data,  and  after-the-fact  field  tests  have  not  been  conducted 
to  determine  their  prediction  accuracy.  However,  on  the  basis  of  the 
go  and  no-go  performance  data  from  which  the  relations  were  derived,  trie 
equations  for  maximum  slope  negotiable  (Equation  AlO)  and  VCI^  (Equa- 
tion A8)  predicted  vehicle  performance  with  an  accuracy  of  78  percent. 

The  quality  of  the  relations  established,  in  terms  of  absolute  devia- 
tion,* was  the  same  (0.02)  for  both  maximxm  drawbar  pull  (Equation  A9) 
and  towed-motion  resistance  (Equation  All). 

15.  Fundamental  relations.  The  fundamental  relations  used  in 
the  WES-VCI  submodel  for  predicting  performance  of  vehicles  operating  in 
coarse-grained  soils  are  summarized  below. 

a.  Means  for  computing  a VCI  for  tracked  vehicles  have  not 
been  developed. 

b.  VCI  for  wheeled  vehicles  is  determined  using  a regression 
equation  (Equation  a8)  involving  vehicle  type,  soil  slope, 
and  vehicle  characteristics.  This  equation  is  for  dry- 
to-moist  sands  only;  investigations  of  wet  and  inundated 
sands,  which  may  present  some  problems  for  heavy  vehicles 
because  of  sand  liquefaction,  have  not  been  completed. 

c_.  The  net  maximum  drawbar-pull  coefficient  of  and  the  cor- 
responding maximum  slope  negotiable  by  wheeled  vehicles 
are  determined  from  empirical  relations  of  Cl  aind  vehi- 
cle type  classifications  (Equations  A9  and  AlO). 


* Without  regard  to  algebraic  signs. 
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I.  Motion-reaiijtance  coefficient,  or  percentar.e  of  groor, 
vehicle  wcif.ht,  on  level  Rround  can  be  estimated  by  its 
relation  to  track  type  for  tracked  vehicles  (Equations  a6 
and  at),  and  to  tire  pressure  and  Cl  for  wheeled  vehicles 
(Equation  All). 

Application  of  WES-VCI  Submodel 

16.  I’liis  part  of  the  report  presents  exeimples  of  computational 
procedures  uid  application  of  the  WES-VCI  submodel  to  type  of  surface 
material  ( !'ine-  or  coarse-grained  soil),  specific  type  of  vehicle 
(tracked  or  ./iieeled) , and  traffic  volume  (l  or  50  passes). 

(i 

P'lne-graineh  soil 

IT.  Ttie  submodel  can  be  used  to  determine  the  mamber  and  type  of 
vehicles  that  can  cross  an  area,  the  loads  they  can  tow,  and  the  slopes 
they  can  climb.  For  a given  area  of  fine-grained  soil  with  em  RCI  equal 
to  or  higher  than  the  VCI^^  or  VCI^^  of  the  vehicle  in  question,  suffi- 
cient soil  strength  is  available  to  permit  the  vehicle  to  complete  1 or 
50  passes  in  the  same  straight-line  path  traveling  at  a slow  speed.  If 
it  is  desirable  or  necessary  to  enter  an  area,  stop,  back  out  of  the 
ruts  while  turning,  and  retreat  from  the  area,  then  the  RCI  of  the  area 
should  be  at  least  five  RCI  units  higher  than  the  VCI. 

18.  Criteria  to  establish  fine-grained  soil  requirements  for 
50  passes  in  the  same  ruts  were  developed  a number  of  years  ago  aind 

have  remained  essentially  unchanged.  Criteria  to  establish  soil  require- 
ments for  1 pass  have  been  developed  in  recent  years  and  are  slightly 
different  from  the  50-pass  criteria,  but  are  more  applicable  to  current 
needs . 

19.  Methods  for  determining  minimum  soil  strength  requirements 
and  maximum  drawbar  pull  for  1-  and  50-pass  traffic  for  self-propelled 
tracked  and  wheeled  vehicles  are  illustrated  in  the  following  para- 
graphs. The  effects  of  buoyancy  in  soft  soil  on  VCI  determinations  are 
also  discussed  (Appendix  B). 

20.  Determination  of  VCI^  and  VCI^q  for  self-propelled  tracked 
and  wheeled  vehicles.  Compute  MI  using  Equation  A3  (Table  Al)  for  a 
tracked  vehicle  and  Equation  AU  (Table  A2)  for  a wheeled  vehicle. 
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Vehicle  I-l,  model  J-5  Tractor  (tracked),  and  vehicle  1-9,  model  Kidd 
(wheeled),  are  used  in  the  following  examples.  From  the  vehicle  speci- 
fication sheets  in  Appendix  C,  determine  the  necessary  vehicle  factors 
as  follows : 


Tracked 

Wheeled 

Vehicle  I-l 

Vehicle  1-9 

Contact  pressure 

1.95 

k.09 

Weight  factor 

1.00 

0.1+^ 

Track  or  tire  factor 

0.16 

0.18 

Grouser  factor 

1.00 

1.00 

Bogie  factor  or  wheel  load  factor 

1.02 

o.uo 

Clearance  factor 

1.30 

0.65 

Engine  factor 

1.00 

1.00 

Transmission  factor 

1.05 

1.05 

Enter  the  above  factors  in  the  MI  «=quations  (A3  and  AU)  as  follows: 

a.  For  tracked  vehicle  I-l: 

MI  = X 1*00  ^ - 1-30  X 1.00  X 1.05  = 12.50 

b.  For  wheeled  vehicle  1-9: 

MI  = - 0.65  X 1.00  X 1.05  = 10.21+ 

21.  From  Figure  A1  (relations  of  MI  to  VCl): 

a.  VCI^  for  tracked  vehicle  I-l 

• 7.0  . 0.2(12.5)  - (ig./;-|,6)  ' 7.33  or  7 

b.  ^OI^Q  for  tracked  vehicle  I-l 
= 19.27  + 0.1+3(12.5)  - 

c_.  VCI^  for  wheeled  vehicle  1-9 

= 11.1+8  + 0.2(10.21+)  - Yij-)  = 10.72  or  11 

d.  ^OI^Q  for  wheeled  vehicle  1-9 

= 28.23  + 0.1+3(10.21+)  - (iq . . ^'7 ) = ^^.97  or  26 

22.  Determination  of  maximum  drawbar  pull  for  1 pass  and  50  passes 
of  self-propelled  vehicles.  When  ROT  = VCI,  the  soil  has  sufficient 
shear  strength  for  a given  vehicle  to  overcome  its  motion  resistance. 

If  the  vehicle  is  required  to  tow  a load,  additional  shear  strength  is 
required  to  produce  the  necessary  thrust  to  overcome  the  additional 
motion  resisteince.  Then  RCI  - VCI,  or  RCIjj»  is  a measure  of  additional 
shear  strength  that  allows  the  vehicle  to  develop  a towing  force 
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{ drawbar- pull)  when  required.  Maximum  drawbar-pull  performance  curves 
for  1 pass  and  50  passes  are  presented  for  tracked  wheels  in  Figures  A2, 
A3,  and  AU,  where  maximum  drawbar  pull,  expressed  as  a coefficient  of 
gross  vehicle  weight  that  can  be  developed  by  a vehicle  traveling  in  a 
straight  line  on  level  terrain,  is  related  to 

23.  The  maximum  drawbar-pull  performance  relations  for  the  tracked 
and  wheeled  vehicles  used  in  this  illustration  are  presented  in  Fig- 
ures A9  and  AlO,  respectively.  These  relations  were  developed  from  the 
following  values,  computed  from  the  denoted  curves. 

a.  Tracked  vehicle  I-l,  1-pass  performance  (Figiire  A3, 
upper  curve). 


Maximum  Drawbar  PiUl 

■^x  RCI  Coefficient  lb 
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Tracked  vehicle  I-l , 

50-pass  performance  (Figure  A2, 

curve  2 ) . 
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Wlieeled  vehicle  1-9, 

1-pass  performance  (Figure  Ah 

, upper 

curve ) . 
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Figure  A9.  One-  and  50-pass  maximum  drawbar-pvill  performance  versus 

RCI,  tracked  vehicle  I-l 


1.0 


Figure  AlO.  One-  and  50-pass  maximum  drawbar-pull  performance  versus  RCI 

wheeled  vehicle  1-9 


Whooicd 

vehicle  1-9, 

50-pass  performance  (Figure 

A2, 

curve  3) 
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2k.  These  computations  are  plotted  in  Figure  All  to  demonstrate 
a method  of  graphically  comparing  performance  evaluations  among  vehicles. 

25.  Effects  of  buoyancy  in  soft,  viscous  soil  on  VCI  determina- 
tions . Limited  testing  of  vehicles  in  areas  of  soft,  viscous  soil  in- 

a 

dicates  that,  if  the  vehicles  can  develop  sufficient  forward  thrust  to 
negotiate  the  areas,  the  immersing  of  traction  elements  and  undercar- 
riage in  the  soil  provides  immediate  buoyeincy,  thus  reducing  the  effec- 
tive weight  (gross  vehicle  weight  minus  buoyancy)  of  the  vehicle  by  an 
amount  equal  to  the  volume  displaced  times  the  unit  weight  of  the  viscous 
soil.  Since  buoyancy  of  soft  soils  affects  the  weight  of  the  vehicle, 
which,  in  turn,  directly  affects  VCI  determinations,  closer  agreement 
between  computed  and  experimental  VCI  was  afforded  for  such  vehicles 
as  the  pneumatic  track  vehicle  (Appendix  C,  vehicle  II-8).  An  example 
of  these  computations  is  given  in  Appendix  B.  This  approach  may  provide 
some  adjustments  needed  to  compute  VCI's  for  nonstandard  vehicles,  such 
as  the  Riverine  Utility  Craft^  (Appendix  C,  vehicle  II-3)  and  others. 
Coarse-grained  soils 

26.  Coarse-grained  soils  (clean  sands)  present  mobility  problems 
different  from  those  encoimtered  in  fine-grained  soils  because  of  dif- 
ferences in  soil  behavior  under  the  vehicles'  running  gears.  A few  of 
the  important  differences  in  vehicle  performance  are  as  follows: 

a.  Tire  inflation  pressure  changes  affect  wheeled  vehicle 
performance  more  on  coarse-grained  soils  than  on  fine- 
grained soils. 

b.  Level,  coarse-grained  soils  seldom  cause  immobilizations 
of  tracked  vehicles  or  sill-wheel-drive  vehicles  when  the 
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Figxire  All.  Comparative  1-pass  performance  evaluation  of  vehicles  I-l  and  1-9 


wheeled  vehicles  are  operating  at  low  tire  inflation 
pressures . 

£.  The  first  pass  over  a coarse-grained  soil  area  is  the 
most  critical;  subsequent  passes  are  usually  ensured  if 
following  passes  are  made  in  the  first-pass  ruts. 

d.  Loose  sands  are  easily  displaced  by  vehicles  turning  and 
maneuvering  on  them,  producing  irregular  surfaces  that 
are  more  difficult  to  negotiate  by  subsequent  vehicles. 

27.  Testing,  to  date,  has  not  permitted  development  of  Cl  per- 
formance relations  for  tracked  vehicles  since  all  tracked  vehicles  have 
been  able  to  travel  in  all  level,  coarse-grained  soils  encountered. 
Furthermore,  the  effect  of  soil  strength  on  the  maximum  drawbar-pull 
performance  of  a given  tracked  vehicle  is  small.  Since  it  has  been 
established  through  testing  of  wheeled  vehicles  that  the  first  pass  is 
the  most  critical  and  subsequent  passes  are  assured  if  the  first  pass 
is  successful,  only  1-pass  Cl  performance  relations  of  wheeled  vehicles 
were  developed. 

28.  Criteria  for  determining  performance  of  vehicles  in  coarse- 
grained soils  are  presented  in  paragraphs  9-1^*  Two  examples,  one 
tracked  vehicle  and  one  wheeled  vehicle,  of  the  application  of  the 
criteria  are  presented  in  the  following  paragraphs.  For  this  presenta- 
tion, VCI  for  coarse-grained  soils  is  distinguished  from  VCI  for  fine- 
grained soils  by  the  addition  of  an  S to  the  former,  i.e.,  VCIS. 

Inflation  pressures  are  denoted  by  the  addition  of  appropriate  numerals, 
e.g.,  VCIS-15  is  the  VCIS  at  15-psi  pressure. 

29.  Determination  of  maximxim  drawbar  pull  of  tracked  vehicles. 

To  determine  the  maximum  drawbar  pull  of  vehicle  I-l,  Appendix  C,  use  the 
equation  of  the  straight  line  through  the  data  points  for  flexible  tracks 
in  Figure  ATb: 

Maximum  drawbar  pull,  lb  = 0.50  x test  weight,  lb 

= 0.50  X U500 

= 2250  lb,  or  50  percent  of  gross  vehicle  weight. 

30.  Determination  of  VCI  and  maximum  drawbar  pull  of  wheeled 
vehicles.  To  determine  the  performance  of  vehicle  1-6,  Appendix  C, 
assume  the  inflation  pressure  to  be  3 psi,  and  compute  VCIS-3  using 
Equation  A8  as  follows: 
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VCTS-3  = antilog^^  -0.35(1.98)  + 0.0526(»*)  + 0.0211(3)  + 1.58? 

= antilof'^Q  -0.69  0.21  + 0.063  + 1.58? 

= antilog^Q  1.170 

= 1»*.79,  or  15 

The  vehicle  will  operate  on  level,  coarse-grained  soil  with  a Cl  of  15. 

31.  To  compute  the  maximum  drawbar  pull  for  the  same  vehicle 
identified  above  when  the  vehicle  is  operating  on  a coarse-grained  soil 
with  a Cl  of  100,  use  Equation  A9: 

Maximum  drawbar  pull, 

percent  of  vehicle  gross  weight  = 28.87(2)  + 10.10(1.98)  - 1.52(U) 

- 0.61(3)  - h3.82 

= 57. 7U  + 20.00  - 6.08  - 1.83  - 1+3.82 
= 26.0 

Therefore,  the  vehicle  can  tow  26.0  percent  of  its  gross  weight  on  a 
level,  coarse-grained  soil  with  a Cl  of  100. 


Table  A1 


Mobility  Index  Equation  for  Self-Propelled 
Tracked  Vehicles  (Equation  A3) 


MI* 


/contact 

/ pressure  x 

weight 

1 factor 

factor 

^ bogie 

1 track  ^ 

grouser 

factor 

\ factor 

factor 

clear- 
ance 
factor 


engine  ^ transmission 
factor  factor 


(A3) 


where 


Cop*  ai' t 
p:*'-  scare 
f'l'’  * i.>r : 


gross  weight,  lb 

area  of  tracks  in  contact  with  ground,  sq  in. 


W.-irlr'.  factor: 


Track  factor: 


Grouser  factor: 


Bogie  factor: 


Less  than  50,000  lb  = 1.0 

50.000  to  69,999  lb  = 1.2 

70.000  to  99,999  lb  = l.i* 

100.000  lb  or  greater  =1.8 

track  width,  in. 

100 

Grousers  less  than  1.5  in.  high  = 1.0 
Grousers  more  than  1.5  in.  high  = 1.1 

gross  weight,  lb,  divided  by  10 

(total  niimber  of  bogies  on  tracks  in  contact 
with  ground)  x (area,  sq  in. , of  1 track 
shoe ) 


Clearance  factor: 

Engine  factor: 

Transmission 

factor: 


clearance,  in. 

10 

^10  hp/ton  of  vehicle  wt  = 1.00 
<10  hp/ton  of  vehicle  wt  = 1.05 

automatic  = 1.0 
manual  = 1.05 


**  The  Ml  obtained  is  converted  to  VCI  for  1 or  50  passes  by  using  Equa- 
tions Al  or  A2,  respectively,  or  the  curves  shown  in  Figure  Al. 


Table  A2 


Mobility  Index  Equation  for  Self-Propelled  Wheeled 
(All-Wheel  Drive)  Vehicles  (Equation  Ah) 


MI* 


where 

Contact 

pressure 

factor: 


^contact 

pressure 

factor 


weight 

factor 


tire 
L factor 


grouser 

factor 

engine 

factor 


wheel 
+ load 
factor 

trans- 
X mission 
factor 


clearance 
factor 


gross  weight,  lb 


nominal  tire 
width,  in. 


outside  diam 
of  tire,  in. 
2 


No.  of 
tires 


(Ah) 


Weight 
factor : 


Tire  factor: 


Weight  Range,  lb** 
<2,000 
2,000  to  13,500 
13,501  to  20,000 
>20,000 

10  + tire  width,  in. 
100 


Weight  Factor 
Equation^ 

Y = 0.553X 

Y = 0.033X  + 1.050 

Y = 0.1U2X  - 0.U20 

Y = 0.2T8X  - 3.115 


Grouser  factor: 


With  chains  = 1.05 
Without  chains  = 1.00 


Wheel  load 
factor: 


gross  weight,  kips 
No.  of  axles  x 2 


Clearance 

factor: 


clearance,  in. 
10 


Engine  factor: 

Transmission 

factor: 


>10  hp/ton  = 1.00 
<10  hp/ton  = 1.05 

automatic  = 1.00 
manual  = 1.05 


» The  MI  obtained  is  converted  to  VCI  for  1 or  50  passes  by  using  Equa- 
tions A3  or  AU,  respectively,  or  the  curves  shown  in  Figure  Al. 

**  Gross  weight,  lb  . 

No.  of  axles 
t Y = weight  factor 

gross  weight,  kips 
No.  of  axles 


Table  A3 


Data  Form  for  Computinr,  Vehicle  Cone  Index  (VCI)  for  Wheeled 
Vehicles  in  Sands  (All-Wheel  Drive) (Equation  A8) 


Vehicle 

Equation:  Vehicle  core  index  (VCIq^)  = antilogarithm*  (-0.350  (contact 

area  factor,  X2)  + 0.0526  (number  of  tires  powered,  X-^) 

+ 0.0211  (tire  pressure,  Xj^)  + I.587O) 

Vehicle  Characteristics 

(1)  Gross  vehicle  wt,  lb  = 

(2)  Nominal  tire  width,  in.  = 

(3)  Rim  diameter,  in.  = 

(U)  Number  of  tires  powered  = X^  = 

(5)  Tire  ply  rating  = 

(6)  Tire  pressure,  psi  = Xj^  = 

Factors 


(7) 


Nominal  tire  width,  in.  _ 
Rim  diameter,  in. 


if  ^2.U,  factor  (7)  = 2.0 
if  <2.U,  factor  (7)  = 5.Q 


(8)  Wheel  diameter  factor  = (7)  ^ (2)  + (3)  = 

= (7)  + 


(9)  Contact  pressure  = 0.607  x (6)  + 1.35  *+»93  - 

^117.0  X ■ 


factor 


= 0.607  X 


+ 1.35 


93 


(10)  Contact  area  factor  = X^  = log  = log  ( ) _ 

(11)  Strength  factor  = -0.350  x (lO)  + 0.0526  x (1»)  + 0.0211  x (6) 

+ 1.5870  = = -0.350  X + 0.0526 

X + 0.0211  X + 1.5870  = 


Vehicle  cone  index  (VCI^)  = antilogarithm  (ll)  = antilogarithm  ( ) 


Note:  Number  in  parentheses  indicates  vehicle  characteristic  or  factor 

to  be  used  in  equation. 

* Logarithm  to  the  base  10. 


Tnblo  A*i 


P;it  r\  l■'ol•l^  I'or  Comput. iny,  M.'iximum  N'ft  Drnwhfir  Pull 

(imp  ) nnd  Maximum  Slope  Negotiable  (S  ) 
max max 

for  Vflieeleci  Vehicles  in  Sands 

(Equations  A9  and  AlO) 


Vehicle 


Basic  Eouat ions 


DHP  , percent  of  vehicle  weight  = 28.87X.  + 10.10X„  - 1.52X, 
max  • i 3 

- 0.6lXjj  - X^'  = 


S , percent  = 28.87X,  + 10.10X„  - 1.52X,  - 0. 
max  1 23 


6lX,. 


^^6  = 


(A9) 


(AlO) 


Vehicle  Characteristics  and  Cone  Index 


(1) 

Gross  wt.  It 

(2) 

Nominal  tire  width,  in. 

(3) 

Rim  diameter,  in. 

(1*) 

No.  of  tires  powered 

(5) 

Tire  ply  rating 

(6) 

Tire  inflation  pressure,  psi 

(7) 

Cl  of  0-  to  6-in.  layer 

X Factors 


X^  = strength  factor  = log  (7)  = 

X^  = contact  area  factor  = log  ^ = 

a 


= contact  pressure  factor  = 0.607  * (6)  + 1.35  ^ ^ ” **-93  = 

X^  = wheel  diameter  factor  = x (2)  + (3)  = 


Xj^  = same  as  (6) 

X^  = U3.82  for  me 
Xg  = 1*5. 82  for  maximum  slope  negotiable 


X^  = U3.82  for  maximum  net  drawbar-pull  computations 


_ nominal  tire  width,  in.  _ 

Y ” rim  dieimeter,  in. 

) + 10.10(_ 


if  ^2.U  factor  (7)  = 2.0 
if  <2.U  factor  (7)  “ 5.0 


DBF  = 28.87( 
max 


) - 1.52( 


) - 0.6K 


) - U3.82 


S = 28.87( 
max 


) + 10.10( 


J - 1.52( 


) - 0.6l( 


) - 1*5.82 


Note:  Number  in  parentheses  indicates  the  vehicle  characteristic.  Cl,  or  X factor 

to  use. 


M'lKNlVJX  U:  EKraCTG  OF  SOFT-SOIL  BUOYANCY  9N 

VEHICLE  CONE  INDEX  DETERMINATION* 


Introduction 


1.  Test;-,  with  vehicles  that  will  operate  on  soft,  viscous  soils 
indicate  that  buoyancy  provided  by  the  hull  and  undercarriage  of  such 
vehicles  affects  their  performance.  This  appendix  gives  an  example  of 
the  additional  computations  necessary  and  the  analyses  that  can  be  per- 
formed that  tend  to  improve  the  relations  between  results  computed 
using  the  WES-VCI  submodel  and  the  experimental  results. 

2.  A comparison  of  the  computed  and  experimentally  determined  ve- 
hicle cone  indexes  for  50  passes  (VCI^q)  for  the  XMT59  operating  on  fine- 
grained soils  has  shown  that  a large  difference  occurred  between  the  two 
values.  The  XMT59  was  able  to  complete  50  passes  on  all  soil  strengths 
tested,  including  extremely  soft,  viscous  soils  with  a rating  cone  index 
(RCI)  of  2;  whereas  the  computed  VCI^^  indicated  that  the  XMT59  with  100 
percent  payloads  should  not  travel  on  an  RCI  of  less  than  I8.  Test  ob- 
servations revealed  that  the  Terra-tires  and  sponsons  provided  immediate 
buoyancy  when  immersed  in  soft,  viscous  soils,  thereby  reducing  the  ve- 
hicle weight  by  the  weight  of  the  soil  displaced  (see  Figure  Bl).  To 


Figure  Bl.  Example  of  effect  of  buoyancy 

* Extracted  from  Reference  6.  Superscript  numbers  in  this  Appendix 
refer  to  similarly  numbered  entries  in  the  References  following  the 
main  text . 


Bl 


Igyvilffr 


achieve  a ch>-.;i'r  :it;reemorit  between  experimental  and  computed  VCI,  the 
effects  of  soi’l-soil  buoyancy  for  soils  of  7 RCI  and  less  were  examined. 


Volume  and  Weight  Computations 


Vehicle  component  volumes 

3.  The  volume  computations  for  the  vehicle  components  that  provide 
vehicle  flotation  are  as  follows: 


a.  Terra-tires 

t7D^  tt  X 2h^  _ 9500 

Volume  per  tire  = — jj—  x w = jj x 21  - 

= 5.5  cu  ft 


(Bl) 


where  ^ 

= the  area  of  a cylinder  (D  is  in  inches) 
w = width  of  tire,  in. 

Sponson 

Volume  = width  (26  in.)  x length  (l66  in.) 

X height  in  inches  (depending  upon 
depth  to  which  sponson  is  Immersed) 

= 1+320  X h 


1728 


cu  ft 


Hull 


Volume  = width  (56  in.)  x length  (210  in.) 

X height  in  inches  (depending  upon 
depth  to  which  hull  is  immersed) 

= 1750  X h 
1728 


cu  ft 


(B2) 


(B2) 


The  equations  above  were  used  to  compute  displaced  volume  for  the  ve- 
hicle's flotation  components  for  assumed  sinkages  12  in.  and  greater. 
Sinkage  is  plotted  against  total  volume  displaced  in  Figure  B2. 


Effects  of  buoy- 
ancy  on  vehicle  weight 

1+.  The  effects  of  buoyancy  on  weight  when  a vehicle  is  operating 
in  water  and  soft  soil  are  considered  separately  in  the  following 
paragraphs . 

5.  Water.  In  water  the  XM759  floats  at  100  and  200  percent  rated 
payload  with  sinkages  of  Uo  and  UU  in. , respectively.  The  decreases  in 


B2 


1 


:1 


weight  provided  hy  l,lie  tires,  sponsons,  and  hull  when  the  vehicle  is 
floating  in  wal.iM-  wit.h  100  and  200  percent  rated  payloads  are  as  follows: 


L00'/»  payload: 

= ',',800  Ih 

.’00;iJ  payload: 

= 6,200  lb 

b.  Sponson 

100?  payload: 

= 5,000  lb 

200?  payload: 

= 6,200  lb 

£•  Hull 

100?  payload: 

200?  payload: 
d.  Total  displacement 

100?  payload  = 12,500  (13,000)*  lb 
200?  payload  = 15,800  (l6,000)*  lb 

6.  Soil.  Computations  were  made  to  determine  the  buoyancy  for  a 
range  of  wet  soil  densities  and  vehicle  sinkages.  The  buoyancy  in  water 
is  also  included  for  comparison.  The  results  of  these  computations  are 
shown  below,  and  a curve  of  buoyancy  versus  sinkage  for  several  wet  soil 


5.5  cu  ft/tire  x 17  tires  x 62. U pcf 


5.5  cu  ft/tire  x 18  tires  x 62. k pcf 


^ 2 sponsons  x 62.4  pcf 
^*^1^28^^  ^ ^ sponsons  x 62.4  pcf 

^^1^728''  ^ ^ 


densities  is  shown  in  Figure  B3. 

' 7.  Several  tests  were  conducted  during  the  referenced  study  on 

flooded  soil  of  less  than  7 RCI,  in  which  the  buoyancy  of  both  water  and 
soft  soil  affected  the  performance  of  the  vehicle  by  reducing  its  effec- 
* tive  weight  (gross  vehicle  weight  minus  buoyancy).  The  test  weights  and 

4 sinkages  measured  after  50  passes  are  as  follows: 


Vehicle 

Wet  Soil 

Test 

Test  Wt 

Sinkage  After  50  Passes,  in. 

Density 

i 

No. 

lb 

Water  Soil  Total 

pcf** 

' 9 

16.0 

17.0 

33.0 

85.2 

19 

14.4 

23.6 

38.0 

73.3 

13 

16,000 

15.6 

24.4 

40.0 

73.3 

• Vehicle  test  weight. 

»•  Average  of  all  depths  sampled. 


{ 
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Ki'om  t.he  L n I’oftniit ion  given  above,  the  voliime  of  either  water 
or  ;;oi 1 displaced  by  the  vehicle  and  the  reductions  in  vehicle  weight 
lost,  by  buoyancy  were  determined  from  Figure  B2  and  B3.  The  results  are 
as  I’o  1 1 ows ; 


Volume 


Displaced  Vehicle  Weight  Lost  by 

Test  cu  ft  Buoyancy , lb 


No. 

Water 

Soil 

Water 

Soil 

Total 

9 

73 

58 

J*550 

1*91*0 

9,1+90 

19 

98 

77 

6110 

5650 

11,760 

13 

123 

7fi 

7660 

5710 

13,370 

9.  From  the  above-listed  weight  reductions,  the  effective  weight 
of  the  vehicle  becomes: 


Test 

No. 


Total  Vehicle  Weight 

Weight,  lb  Reduction,  lb 


Effective 
Weight , lb 


9 13,000  9,^+90 

19  13,000  11,760 

13  16,000  13,370 


3510 

12UO 

2630 


10.  By  taking  into  account  the  effect  of  buoyancy  on  vehicle 
weight,  computed  VCI's  can  be  obtained  that  more  nearly  agree  with 
experimental  VCI's.  Experimental,  VCI^^Was  determined  to  be  2,  where- 
as the  computed  without  consideration  of  the  effects  of  buoyancy 

was  18.  Thus,  if  buoyancy  is  considered  as  demonstrated  herein,  the 
completed  becomes  0,  which  compares  favorably  with  the  experimental 


APPENDIX  C:  VEHICLE  CATALOG 


1.  The  primary  piirpose  of  this  appendix  is  to  present  pertinent 
vehicle  data  in  catalog  form  to  assist  potential  vehicle  users  in  the 
assessment  and/or  selection  of  the  vehicles  to  perform  jobs  relevant 

to  the  operation  and  maintenance  of  dredged  material  containment  areas. 
The  secondary  purpose  is  to  identify  the  limitations  of  the  methodology 
used  in  computing  vehicle  performance  data. 

2.  Each  vehicle  included  in  the  catalog  is  described  by  several 
photographs  or  drawings;  manufacturer's  address;  general  vehicle  data, 
under  which  performance  data  can  be  found;  mechanical  components  data 
that  give  dimensions  or  describe  major  components  of  the  vehicle,  i.e., 
engine,  suspension,  etc.;  and  miscellaneous  data,  under  which  cost 
(197^) > primary  use,  potential  use  (based  on  physical  size  and  payload) 
etc.,  information  is  found. 

3.  The  vehicles  presented  herein  were  selected  from  a literature 
search  or  personal  contact  with  vehicle  manufacturers  in  the  United 
States  and  Canada.  The  vehicle  catalog  is  by  no  means  complete,  nor 
are  all  the  data  on  some  vehicles  included  complete.  Final  selection 
of  vehicles  was  based  on  1-pass  vehicle  cone  index  (VCl)  of  30  or  less. 
This  process  resulted  in  the  selection  of  6o  vehicles.  To  obtain  some 
idea  as  to  the  size  of  job  that  the  vehicle  can  perform,  they  were 
divided  into  six  vehicle  groups  in  terms  of  payload  ranges,  as  follows: 

Vehicle  Classification 

Group  No.  Payload  Ranges,  tons  Number  of  Vehicles  in  Group 


I 

>0  - 3/U 

19 

II 

1 - 2-1/2 

11 

III 

3 - 7-1/2 

11 

IV 

8-15 

8 

V 

>15 

8 

VI 

0 (Bulldozers) 

3 

Total  60 


k.  The  WES-VCI  submodel  was  used  to  compute  the  minimvun  soil 
strength  required  by  a vehicle  to  complete  1 pass  and  50  passes  success 
fully  while  the  vehicle  is  traveling  in  a straight-line  path  in 


Cl 


fine-grained  soils.  These  performance  levels  are  identified  as  VCI^ 
and  in  the  catalog.  The  vehicle  data  given  in  the  catalog  were 

used  to  compute  VCI's.  When  the  computed  mobility  index  (Ml)  was  a 
negative  value,  zero  was  assigned  as  VCI^  and  2 as  VCI^qJ  these  are 
the  VCI^  and  values  in  the  WES-VCI  submodel  for  an  MI  equal  to 

zero.  The  VCI  data  shown  for  vehicles  with  helical  screw  running  gear 

7* 

were  determined  by  actual  vehicle  tests  and  are  identified  as  experi- 
mental VCI's. 

5.  Tests  conducted  to  evaluate  the  accuracy  of  predicted  VCI's 
have  shown  that  the  computations  are  very  good  for  wheeled  and  tracked 
vehicles  operating  in  fine-grained  soils  that  are  not  in  a viscous  state 
(rating  cone  index  >7).  VCI  prediction  accuracy  is  also  good  for 
tracked  vehicles  with  sealed  sponsons  that  are  part  of  the  track  sys- 
tem, provided  the  effects  of  buoyancy  are  accounted  for  in  the  computa- 
tions (Appendix  B).  On  the  other  hand,  the  VCI  prediction  accuracy  for 
low-ground-pressure  tracked  vehicles  with  open  track  systems  is  ver  low. 
Experience  has  shown  that  an  open  track  operating  in  viscous  soils 
develops  a high  motion  resistance  because  the  soft  soil  flows  into  the 
track  system  and  interferes  with  the  running  gear  components.  For  this 
reason,  when  the  computed  VCI  (particularly  VCI^q)  is  ^6  for  tracked  ve- 
hicles with  open  track  systems  (vehicles  1-3,  1-15,  I-IT,  and  II-4), 
these  values  should  be  used  with  caution. 


* Superscript  numbers  in  this  appendix  refer  to  similarly  numbered 
entries  in  the  References  following  the  main  text. 


Index  of  Group  I Vehicles,  >0-  to  3/^-Ton  Payload 


Vehicle  No. 
I-l 
1-2 
1-3 
I-l 
1-5 
1-6 
I-T 
1-8 
1-9 
I-IO 
I-ll 
1-12 
r-13 
I-lU 
1-15 
I-l6 
I-IT 
I-l8 
1-19 


Vehicle  Identification 
J-5  Tractor 
SW-18F 

2100-C  Trackmaster 

Muskeg  Tractor  Gas 

Amphicat 

Terr a- Jet 

Coot 

Bombi 

The  Kidd 

Thiokol  Swamp  Spryte  1301 
FN  10 

Skidozer  200 

Marsh  Cub  (Model  101T-LPC-68) 

M29C  Weasel 

Skidozer  301-D 

llol  Imp 

Skidozer  301 

Marsh  Screw  Amphibian 

Ditcher  Model  lOlT-DSP-TO 


C3 


Spect(icatioR$  <o(  VeiMCl«  No. 
Vehicle  Identification 


Specifications  foi  Vehicle  No. 
Vehicle  Identification 


Potential 


primary  Use.  Slope  mnintenanoc 


Specilicalions  lo<  Vtfiic.<  Nu 
Vefiicle  Identiticahon  Ar: 


Potential  Uses 


Specitications  lot  Vehicle  Ns. 
Vehicle  Idenlif.cation  . rr' 


Potential  Uses  ■*“**  r-**'* 

pull  pi  .V 


Specifications  tor  Vehicle  No. 
Vehicle  Identification:  coot 


Vehicle  Manutdclufet  f»oBb%ril«»r 

Indus^rini  Divislur. 


P'lnaty  Use  .nn^Issanr' 


SpMifications  kM  Vefiicie  No. 
Vohicie  Identification  ?h' 


1 


SpeciflUtions  (oi  Ve<iicle  No. 

VehiCie  IdWtlliCaliOn  ?hlok.>l  Spryt*-  I'iOl 


Potenliai  Uses  Mount  for  push  nr 

pull  pl.->w. 


Specifications  fen  Vehicle  No.  _ 
Vehicle  Identification  f*i  lo 


Specifications  foi  Vetiicfe  No. 


Potential  Uses 


Av3ilable.  Possibly  on  Anry  sjrplur 


Specification^  lor  Vefiicle  No. 
Vehicle  Identilication  t. 


Specifications  for  Vehicle  No. 
Vehicle  Idenlificafion  ’•  ^ 


Specihcaiions  to>  Vehicle  No.  I 
Vehicle  Identification  xh  - 


r £3Hl 

Available  Possibly  on  surpli 


Specifications  lot  Vehicle  No. 

Vehicle  Identification:  ouch^r  iCi«T-D2r-70 


Potential  Uses 


Index  of  Group  II  Vehicles,  1-  to  2-l/2-Ton  Payload 


Vehicle  No. 
II-l 
II-2 
II-3 
II-U 
II-5 
II-6 
II-T 
II-8 
II-9 
II-IO 
II-ll 


Vehicle  Identification 

FN  20 

Model  1201  Spryte 
Riverine  Utility  Craft 
FN  21 
Mll6 

FN  20  W/B 
Rolligon  UU50 
XMT59»  Cargo  Carrier 
Mexa  10  x 10 
Mexa  Track 

Amphibious  Carrier  Model  lOU-W-HD-59 


Sp€Ciiicatiorft  tot  Vehicle  No 
Vehicle  Identit.ution 


'CD 

tn 

: 

Potenti 


Polential  Uses  :-{carit  f^r  ssail  Jrill  rir. 


Specifications  tor  Vehicle  No. 
Vehicle  Identification  *4 


Potential  Uses  for  iriii  rif,  pg^t. 


Speciticalions  lor  Vehicle  No. 
Vehicle  Identification  . 


Potential  Uses  skront  f^r  jauii*  iri;i  rif,  | jsri  .r  sui:  ;1tw 


Specilications  for  Vehicle  No.  Jj~ 
Vehicle  Identification  F»oiiic-»n 


Potential  Uses  fcr  :maU  Irlll  rl,* 


SpecilicatiCMis  tot  Vehicle  No. 
Vehicle  ISentitication 


Vehicle ManuJactuffif  Wurai.  In’.crnatiot.ai  Corp. 


Potential  Uses  Mj-jhC  for  anal;  irli:  rU*.  pa:,  l.ai-.-.  >r  pjlJ  I'ii 


Index  of  Group  III  Vehicles,  3-  to  T-l/2-Ton  Payload 


Vehicle  No, 
III-l 
III-2 
III-3 
III-U 
III-5 
III-6 
III-7 
III-8 
III-9 

III-IO 

III-ll 


Vehicle  Identification 

FN  60 

Muskeg  Carrier 
FN  75 

Rolligon  UU60 
FN  WT-100 
FN  100  TT 
FN  110 
TVS  1000 

Dragline  Carrier  Model 
No.  10XT-HD-59M 

ROTO-BOOM  Model  No.  IOUT-65 

Amphibious  Carrier  Model  IOXT-HD-65M 


Specifications  <0*  Vehicle  No 
Ve^'Cle  Identification 


Specifications  fo<  Vehicle  No 
Vcfiicle  Idenlilicaiion 


Specifications  lot  Vehicle  No. 
Vehicle  l()entitication 


Potential  Uses  I’or  irii. 


1 


P3tenli.il  Uses 


Specifications  foi  Vehicle  No. 
Vehicle  Identification 


! 


I 


Specifications  toi  Vf^icle  No.  • 1 1 
Vehicle  Identification  . i( 


OXOXOXQ 


Specifications  fo>  Vefncle  No 
Vetiicle  identification. 


Potentn' 


Speciliutions  tO'  Vehicli;  No. 
Vehicle  Identitication  R'/? 


Polenlijl  Uses 


SpeciliutictK  lot  Vehicle  No. 


Poicniial  Uses  Tor  ijji.  lai. 


Index  of  Group  IV  Vehicles.  8-  to  1^-Ton  Payload 


Vehicle  Mo. 
IV-1 
IV-2 
IV- 3 
IV-1* 
IV-5 
IV-6 
IV-7 
IV-8 


Vehicle  Identification 
FN  160 

Rolligon  6660 
FN  Norcan  200 
Dawson  Five 
FN  2U0 

Rolligon  8860 

Muskeg  Tracked  Transporter 
Delta  Three 


Specilications  (or  Vehicle  No. 
Vehicle  Identificalion 


Specifiuliofls  lot  Vehicle  No. 
Vehicle  Identilicatioo  .w 


Polential  Uses  r.r  srill  ri£,  Jrv: 


SpeciticatiORs  lot  Vehicle  No. 
Vehicle  Identitication  r'< 


Potential  Uses  Mount  for  lr»«lints  am:  rie,  push  b:*de,  or  puli  plo» 


Specifications  fo<  Vtfticle  No. 
Vehicle  identification  iwit 


Index  of  Group  V Vehicles.  >l^-Ton  Payload 


Vehicle  No. 
V-1 
V-2 
V-3 

V-1 

V-5 

V-6 

V-T 

V-8 


Vehicle  Identification 

FN  360 
Super  Yukon 
Dawson  Seven 
FN  loo 
Musk-Ox 
FN  600 
Husky  8 

Dragline  Carrier  Model  l6XT-HD-2E-T3 


Specilications  toi  Vehicle  No. 
Vehicle  Identilication  I'N 


Specifications  tor  Vehicle  No. 


Potential  Uses  H.an*.  f>.r  irucitno,  drill  rig,  finh  t*aU‘,  >r  j-ull 


Specifications  foi  Vehicle  No. 
Vehicfe  ictentificafion.  n*  600 


Specitications  toi  Vehicle  No.  _iil 
Vehicle  Identilication  Hariiy  6 


annovaa  i- 


1 

£ 

1 1 ^ 5 1 

1 

1 

^ “ 1 

M 

» * * £ 5 

s 

o 

^ j o 

Pf^maryUse  jiuiiiozcr  Cost 


Potential  Uses 


Potential  Uses 


APPENDIX  D:  NOTATION 


AMP  Amphibious 
BHP  Brake  horsepower 

CH  Inorganic  clays  of  high  plasticity,  fat  clays 
Cl  Cone  index 

Cl  Average  before-traffic  cone  index 

Cl  Before-traffic  Cl  for  soil  at  a depth  z 
J 

CID  Cubic  inch  displacement 

CL  Inorganic  clays  of  low  to  medium  plasticity,  gravelly  clays, 
sandy  clay,  silty  clays,  lean  clays 

DBP/W  Drawbar  pull  divided  by  vehicle  weight 

j Summation  index 

MH  Inorganic  silts  or  sandy  silts 

MI  Mobility  index 

ML  Inorganic  silts  and  very  fine  sands,  rock  flo\ir,  silty  or 
clayey  fine  sands  or  clayey  silts  with  slight  plasticity 

MR  Towed-motion  resistance  (soil),  lb 
s 

n Number  of  equal  divisions  in  critical  layer  used  for  measure- 
ment purposes 

RCI  Rating  cone  index 

RCI  Difference  between  RCI  and  VCI 

X 

RI  Remolding  index 
RIj  RI  at  depth  z 

SP  Poorly  graded  sands  or  gravelly  sands,  little  or  no  fines 

U Maximum  slope  negotiable 
VCI  Vehicle  cone  index 

VCI^  Vehicle  cone  index  for  1 pass  in  fine-grained  soils 

VCI^Q  Vehicle  cone  index  for  50  passes  in  fine-grained  soils 

VCIS  Vehicle  cone  index  for  1 pass  in  coarse-grained  soils 

Y Towed  motion  resistance  coefficient 
W Gross  vehicle  test  weight,  lb 
z^,Z2  Depth  boundaries  of  critical  layer 


D1 


Id  aceoaidnee  wltk  Bt  70-2-3>  pv*sravt>  6c(l)(b), 
dDtcd  15  Nbruny  1973#  • facaiail*  emtDlos  card 
Id  Llbraiy  of  Coogiaa*  f<amt  la  rej««duced  balow. 


Green,  Charles  E . r # 

Low-ground-pressure  construction  equipment  for  use  in 
dredged  material  containment  area  operation  and  mainte- 
nance - equipment  inventory,  by  Charles  E.  Green 
Adam  A.  Rula.  Vicksburg,  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  1977. 

1 V.  (various  pagings)  Ulus.  27  cm.  (U.  S.  Water- 
ways Experiment  Station.  Technical  report  D-77-1) 

Prepared  for  Office,  Chief  of  Engineers,  U.  S.  Army, 
Washington,  D.  C.,  under  DMRP  Work  Unit  No.  2C09A. 

Includes  bibliography. 

1.  Construction  equipment.  2.  Dredged  material  dis- 
posal. 3.  Soft  soils.  4.  Soil  strength.  5.  Vehicles. 

I.  Rula,  Adam  A.,  joint  author.  II.  U.  S.  Army.  Corps 
of  Engineers.  (Series;  U.  S.  Waterways  E*P«i”ent 
Station,  Vicksburg,  Miss.  Technical  report  D-7/-17 
TA7.W34  no. D-77-1 


